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Preface 



This publication examines the use of wind energy in agriculture and more specifically, 
the application of wind energy to small-scale irrigation. 

To date, few publications exist with this particular focus. Hence, the authors felt the need to make 
available some of their experience in windpump irrigation and related research to a larger circle of 
professional agriculturalists and planners through this publication. 

The book purports to offer a tool to assess the technical, economic and institutional fea- 
sibility of windpump irrigation systems; general agricultural topics are treated only in so far as they 
are pertinentto the use of' - indpumps. The book particularly emphasizes the use of windpumps in 
irrigation: hybrid configurations of windpumps with other water-lifting devices such as motor 
pumps, are not considered. 

The first draft of the text for this publication was prepared by the authors in 1 985 and 
1986 while they were attached to the International Institute for Land Reclamation and Improve- 
ment (ILRI), at Wageningen, the Netherlands. ILRI, in turn, has executed several projects for CWD, 
who commissioned the preparations forstudy.Afterusingthe report as an internal CWD reference 
document, a decision was taken in 1 989 to revise the report extensively and to offer it as a publica- 
tion to a much wider audience. In addition to the numerous staff members at ILRI and CWD who 
contributed to this report, the authors are particularly indebted to the following persons for their 
valuable suggestions and comments: 



Mr. J. Van Meet ■ Ms. £ Bossink ■ Mr. C. van de Bijl ■ Mr. A Meijers 
Mr. L Veldhuizen ■ Mr. K. Manintveld 



In early 1 990 the text of the report was further revised and somewhat shortened. It was 
particularly kept in mind that the publication should be supplementary to other publications on 
windpumps (for instance, Van Meel and Smulders, 1989) and on small scale irrigation (for in- 
stance, Stem, 1984). Wherever necessary the current publication refers to other publications as 
suggestions for further reading. 

Mr. S. Batchelor, an independent consultant, contributed extensively to the latest 
revision, for which we thank him. Clearly, the current publication will no doubt contain errors of 
omission and commission for which neither the authors nor Mr. Batchelor are responsible. 

It is hoped, however, that this publication will succeed in making some of the consider- 
ations which have a bearing on windpump irrigation available without further delay to a wider 
group of technicians and development practitioners alike. 



May 1990, The editors 




Jnttobuttion and summary 



During the past decade, developing countries have shown an increasing interest in 
renewable energy sources such as the sun, wind and biomass. These sources may have the 
potential to meet a sizeable percentage of their energy requirements. In the past windpumps 
were applied on a large scale for drainage and the water supply for cattle. Although these fields of 
application still have good prospects, the renewed interest in windpumps is focused chiefly on 
small-scale irrigation or rural water supply. 

This report deals with the main aspects of windpumps for irrigation. The objective of the 
report is to give the reader enough information on both windpumps and irrigation, to enable him 
to judge whether it makes sense to consider using windpumps. 

Chapter 1 introduces the key factors to be studied in connection with the viability of 
windpumps in different farming systems and illustrates two case studies in regions with traditional 
windpump irrigation: Crete and Cape Verde. 

Chapter 2 introduces the technical aspects of windpumps (types, sizes, characteristics 
and cost prices). Mechanical windpumps can be divided into 

- traditional low technology windpumps, 

- classic multiblade windpumps, and 

- recently developed types. 

The level of technology in windpumps is certainly lowerthan that for motorized pumps. 
For this reason repair, production of spare parts, and even production of complete windpumps is 
feasible in well-equipped local wor shops in developing countries. This is especially true of the 
windpumps developed more recently. 

Chapter 3 provides information on collecting and analysing climatic data with special 
reference to the wind regime. The data required at different stages of project development and 
the equipment required for measuring are both described. Simple methods to determine water 
availability are also mentioned briefly. 

Only after reliable wind speed data has been analysed can it be determined whether or 
not there is potential for the use of windpumps in the region. The average quantity of water that 
can be pumped by a certain type of windpump depends mainly on average wind speed, rotor dia- 
meter, and pumping head. As an example then, we can say that in an area with an average wind 
speed of 4 m/s and a pumping head of 1 m, a small windpump with a rotor of 1 .5 m diameter can 
irrigate an area of 0.1 -0.2 hectares, while a large 8 m rotor diameter windpump can service 3 - 6 
hectares. 

(n Chapters 4 and 5, the relationships between the output of a windpump and the use of 
the water output for irrigation is discussed. Estimating the area that can be cultivated (command 
area) and the factors influencing this command area are the subjects of Chapter 4. 




Windpump irrigation has specific problems related to the fact that the windpump out- 
put is not constant all the time. The effects of this phenomenon on farm water management are 
discussed in Chapter 5. Several measures such as storage tanks are suggested to facilitate wind- 
pump irrigation and to make more adequate use of the potential windpump output A method of 
estimating the required storage tank capacity is included. This method is based on the characteris- 
tics of a recently developed windpump, the CWD 5000, but the results can also be applied for 
other well adapted windpumps. 

In Chapter 6, the economics of windpump irrigation are analysed, taking into account 
the national economics and farm economics. A financial analysis is also included since windpumps 
have to compete with other water lifting devices. 

In general, windpumps can be economically attractive if average wind speeds are at 
least 4.0 m/s. They are especially adapted to decentralized water pumping for instance, for an 
individual farmer or a small group of farmers. Usually, however, they are not very suitable for large 
scale irrigation with a centralized water pumping and distribution system. 

In contrast to the advantageous low running costs of windmills are the high initial invest- 
ment costs. The investment costs of the windpump and storage tank are generally in the order of 
two to ihree times the investment costs of motorized pumps. These initial costs can present a 
financial barrier to the implementation of windpumps, especially for farmers that were until now 
involved only in subsistence agriculture. Farming systems with access to the market economy are 
more open to innovation and "appropriate" credit schemes play an important role in a windpump 
project Besides economics, other aspects that are more difficult to quantify such as reliability, 
performance, social acceptance, etc. should also be considered as is discussed in the first chapter. 

Chapter 7 summarises the book with an example set up for a windpump project Which 
set up will best fit the local situation depends largely on the present state of agricultural practices in 
the area. 




Zke introduction of wintywnips in different faming 
systems 



Developing countries have shown 
increasinginterestduringthe past decade in re- 
newable energy sources such as sun, wind, and 
biomass. These sources may have the potential 
to meet a sizable percentage of the energy 
requirements of these countries. Of the three 
sources, wind energy already has a long history 
in different fields of application. Windpumps 
have been applied on a large scale to drainage 
and supplying water for cattle and, on a more 
limited scale, to irrigation. 

This introductory chapter therefore 
looks at two existing schemes of windpump 



irrigation before discussing in detail the possi- 
bilities and problems of windpump irrigation. 
The focus is on key factors determining the 
viability of windpumps in different farmingsys- 
tems, particularly where the system is defined 
as "the whole of activities of a family, which 
have access to land, undertaken to satisfy their 
needs" (Kortenhorst 1980). 

Section 1.1 focuses on two schemes: 
the Lassithi scheme on Crete, and another on 
Sao Vicente (Cape Verde). The last section, 1.2, 
elaborates on the key factors for different far- 
ming systems (rain-fed and irrigated). 



THE HISTORY OF WINDPUMPS IN CRETE AND SAN VICENTE 



1.1.1 Lassithi, Crete 

The Lassithi plateau is situated at an 
altitude of 850 metres on the isle of Crete 
(Greece). The plateau is almost flat and has a 
total area of 28.8 sq. km. The majority of its in- 
habitants (total population in 1983: 5,142) 
have always been engaged in some type of 
agricultural activities. During the growing sea- 
son from April to October, the primary crops 
are potatoes, grains and vegetables. Potatoes 
are by far the most important 

The cultivation of seed potatoes as a 
cash crop is particularly popular. Irrigation on 
the plateau was traditionally carried out by 
means of various water lifting devices. 
Since the wind regime atthe plateau isfavoura- 
ble (average wind speed during the irrigation 
season is about 6 m/s), windpumps were used. 
The history of the use of windpumps at Lassithi 
indicates that changes in the farming system 
influence the functioning of the windpumps. 

Around 1890, a local carpenter at 
the Lassithi Plateau builta windpump. It consis- 
ted of a wooden tower, a rotor with sail wings 
(rotor diameter = 625 m), and an imported 
steel piston pump from Italy. At that time, the 
only water lifting device in use was the "gerani", 



a hand-operated construction with a beam 
and bucket The gerani was used for supple- 
mentary irrigation of traditional crops such as 
wheat, other grains, and vegetables from very 
small plots. 

Agricultural products were mainly 
used for own consumption. Animal husbandry 
(goats and sheep) was more important than 
agriculture. The wooden windpumps were 
placed on the existing wells in the home gar- 
dens of some rich farmers. 

The first reaction of the local popula- 
tion was not very enthusiastic Compared with 
the "gerani", windpumps were expensive due 
to the high labour costs of construction. 

The output of the windpumps was 
also limited and many breakdowns occurred. 
The total number of these wooden wind- 
pumps never exceeded 20. 

In the 1890-1920 period, the wind- 
pump was considerably improved by local arti- 
sans. Almost all of the wooden parts were 
replaced by iron ones and other technical im- 
provements were incorporated. This resulted 
in a less expensive, more reliable and more effi- 
cient windpump. At the same time the farming 
system on the plateau changed drastically. 
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Figure 1.1 The number of windpumps in use on the Lassithi plateau (Hoogervorst and Van "t Land 1983). 
Note the peak between 1950 and 1960. 



The returns on the traditional subsis- 
tence farming system were no longer sufficient 
to meet the food demands of the increased po- 
pulation or the plateau. Farmers were looking 
for new crops to increase production. The 
potato crop, which was introduced in 1867 on 
a limited scale, was promising. Its return was 
about ten times higher than that of the 
traditional grains. So farmers started to grow 
potatoes and found that supplemental irri- 
gation was no longer sufficient High yields 
could only be reached with irrigation of the 
potatoes all season. 

The "gerani", which is very labour intensive and 
has only a limited output, became the bottle- 
neck to further increase in production. With 
the help of windpumps the irrigated acreage 
could be expanded. One windpump could irri- 
gate about 0.2 ha of potatoes. So, windpumps 
became very popular amongst the farmers, 
who paid for them in kind or in money. 

Some time after the introduction of 
windpumps, the farmers started to use storage 
tanks made of stones and concrete. They had 
an average capacity equal to the average daily 



output of the windpump (15 m 3 ). Because 
most land-holdings consisted of various plots 
spread over the plateau, most farmers owned 
more than one windpump (the average num- 
ber was four). When a plot required water, the 
farmer unrolled the sails of the rotor. Once the 
storage tank was full, the farmer started to irri- 
gate. With four or more windpumps running, 
irrigation was quite labour intensive. 

After the introduction of potatoes, 
the commercial marketing of products increa- 
sed rapidly. The sale of seed potatoes became 
especially profitable for farmers. Thus, the area 
given to potatoes increased rapidly and conse- 
quently so did the number of windpumps (see 
Figure 1.1). With the increased pumping of wa- 
ter, the groundwater level started to drop. That 
resulted in a smaller output by the windpump 
and in technical problems (deepening of the 
well with water levels below 5-7 m meant the 
piston pump had to be placed inside the well, 
etc). As a result, ittooka longertime forfarmers 
to irrigate with windpumps. In 1950, the first 
small motor pumps (5 hp) were installed on 
the plateau. 
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Farmers used these pumps in addi- 
tion to the windpumps to counteract the 
disadvantages of the latter, irregular flow and 
especially higher labour needs. From 1945 
onwards, the population on the plateau had 
declined. Younger people left for further edu- 
cation or to find a non-agricultural job in the 
larger cities in other parts of Greece. 

Decreasing labour requirements be- 
came important to the farmers on the plateau, 
and they could achieved that by mechanizing 
the different type of activities. 

Around 1960, large diesel motor 
pumps (to 15 hp) were introduced on the pla- 
teau. They irrigated more than one plot, which 
meant that one motor pump could replace 
several windpumps. The farmers did not use 
the large motor pumps in addition to wind- 
pumps, as they did with the small motor 
pumps, but rather in place of them. 

The main advantages of the larger 
motor pumps, according to the farmers, were 
labour saving in irrigation, independence from 
wind, convenience and "modem outlook". 
In the process of changing attitudes on the 
plateau, modernization had become an 
important part of life. Financial aspects did not 
play a major role. Farmers, who had bought 
a large motor pump started to rent or buy 
land ir the surrounding area This increased 
the efficiency of farming and enabled further 
mechanization and ridging of potatoes. 

Therefore, the number of traditional 
low-cost windpumps decreased dramatically 
following the introduction of large motor 
pumps. By 1983, only about 1000 windpumps 
were still in use. They belonged to farmers, who 
did not cultivate crops on a commercial basis 
but only irrigated home gardens for their own 
consumption. 



1.1.2 Sao Vicente 

The isle of Sao Vicente is one of the 
more important islands of the Republic of 
Cape Verde. The island has an area of 227 sq. 
km and some 31,580 (1980) inhabitants. 
The Cape Verde Islands are located in the so- 
called "trade wind zone" and have a favourable 
wind regime. Rainfall at Sao Vicente is very 
limited. 

The main activities on this island are 
found in the international harbour of Porto 
Grande, and small-scale industry and services. 
Agriculture (mainly animal husbandry and 
horticulture) piays a minor role. Irrigated 
horticulture developed because the crews of 
the ships that used the harbour wanted veg- 
etables. Water lifting from wells at Sao 
Vincente began when the first windpumps 
were introduced around 1880. Before that 
time, irrigation occurred by gravity, using water 
from a few small springs. 

The first windpumps at Sao Vicente 
were constructed out of wood. Soon after, 
some steel parts were used, and later on 
complete "American type" windpumps were 
imported. From that time onwards, the num- 
ber of windpumps increased. In 1984, 175 
windpumps were in use at Sao Vicente. 

Between 1880 and 1950, the num- 
ber of windpumps in use increased rather 
slowly because the demand for vegetables did 
not increase much. From 1930 onwards, local 
production of windpumps started and resulted 
in a cheap, reliable windpump (rotor diameter 
2.8 m). 

Credit facilities were supplied to the 
users by both the producers of the windpumps 
and the importers of motor pumps. Duringthe 
1950-1960 period, the number of windpumps 
in use decreased somewhat That was caused 
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by the decline of the water table and the gro- 
wing salinity of many of the wells around the 
city of Mindelo. 

After 1960, the windpumps were in- 
troduced in areas further away from Mindelo. 
An increase in the number of people who re- 
turned after independence (1975) also played 
a role. Most of them brought some savings. 
Prospects for investment were rather limited 
on Sao Vicente, and one of the more attractive 



possibilities was to dig a well and to install a 
windpump. From 1960 onwards, small motor 
pumps (2-5 hp) were also introduced. 
The more wealthy returning emigrants bought 
motor pumps and used them in combination 
with a windpump. 

By May 1984, 191 wells were in use 
for irrigation. The number of water lifting 
devices used during this period are shown in 
Table 1.1. 



Table 1. 1 Number of water lifting devices in use on Sao Vicente (May 1984). 



Device 


Windpump 


Windpump + Motor pump 


Motor pump 


Others 


No. of wells 


93 


82 


8 


8 


% of total 


49 


43 


4 


4 



In addition, approximately 75 wind- 
pumps were no longer in use because the well 
had dried up or the water had become too 
saline. 

The command area per windpump used was 
about 0.1 2-0.1 6 ha. The farmers grew a mixture 
of inter-cropped vegetables and drought resis- 
tant crops. In this way, the farmers tried to 
make optimal use of the fluctuating output of 
the windpump. The crops were sold at the 
market by the women. During periods of low 



wind speed, irrigation was limited to the area 
under vegetables. 

When high wind speeds occurred, 
the area with drought resistant crops was also 
irrigated. To manage the irrigation properly, 
storage *mks of 1.5 times the average daily 
output of the windpump were used. Besides 
selling vegetables, the small farmers tried to 
generate off-farm income with fishing, brick- 
laying, constructing new wells, agricultural la- 
bour, etc 
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Most farmers like to have a small 
motor pump in addition to a windpump. In this 
way, they can increase the reliability of 
irrigation water supply, which enables them to 
increase the area under vegetables. It was 
found that the command area of a combined 
motor pump/windpump is 30% larger than 
the command area of a windpump alone. 

The use of a motor pump alone was 
not very popular amongst farmers, mainly 
because of the relatively high running costs and 
problems with the supply of spare parts. 

As one farmer stated: The supply of 
wind for the windpump is more secure at 
Sao Vicente than the supply of spare parts for a 
motor pump". 

The main constraint on farmers purchasing 
motor pumps is lack of money. 



Several factors exist which offset the 
relatively high investment costs of wind- 
pumps. First of all, many of the farmers are re- 
migrants, with a considerable amount of cash. 
Others bought their windpump part by part, 
whenever they could afford it, or purchased a 
second-hand windpump from a farmer with a 
dry or saline well. Farmers also started to 
construct their own storage tanks, in the first 
instance by using old oil d-ums and then 
constructing larger storage tank from bricks or 
concrete blocks after some years 

Contrary to the motor pumps, the 
windpumps have developed into an "indige- 
nous technology" at S.v? Vincente. They are 
now produced locally, spare parts are available 
and farmers know very well how to use, main- 
tain, and repair them. 



KEY FACTORS FOR THEVIABILIT/ OF WINDPUMPS IN DIFFERENT 
FARMING SYSTEMS 



12.1 General aspects 

The history of windpumps on Crete 
showed that a change in the local situation of 
the farmers can directly influence the viability 
of windpumps in farming systems. 

On Crete the change from subsis- 
tence farming to commercial farming and the 
decreased availability of agricultural labour 
were th° main factors leading to less favoura- 
ble circumstances ;'or windpumps. 

Th>s resulted in a considerable de- 
crease of their use. We can conclude that a tho- 
rough analysis of the farming system has to be 
made when the possibilities for windpumps 
are being assesssed. Figure 13 (Kortenhorst 
1980) provides an overview of factors to be 
considered. 

As can be seen from this figure, the 
water supply is only one of many factors that 
influence the activities of a family. When analy- 
zing the impact of windpump use, attention 



snould be paid to the specific characteristics of 
a windpump as well as to the general aspects of 
irrigation. In short, these factors include the 
high investment costs, low running costs, varia- 
ble output with consequences for irrigation 
practices, and the cropping system. 

They wil! be considered in more 
detail in Chapters 5 and 6. When analyzingthe 
impact of the use of windpumps in a farming 
system, special attention should be paid to 
possible changes in the activities of the 
different members of the family. Women play 
an important role in agriculture. The intro- 
duction of windpumps can change the 
workload of women more radically than might 
be realized at first sight One also should keep 
in mind that in many cases windpumps can 
also be used to supply drinking water for the 
family. 

The key factors that determine the 
impact of the introduction of windpumps de- 
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figure 13 Factors influencing the activities of a family (Kortenhorst 1980). 



pend on the type of farming system into which 
windpumps are to be introduced. A clear dis- 
tinction can be made between rain-fed and ir- 
rigated farming systems as is discussed below. 

1.22 The introduction of irrigation with wind 
pumps into rain-fed farming systems. 

When windpumps are introduced 
into rain-fed farming, not only are windpumps 
introduced, but also irrigation. This influences 
both the economic and financial analyses (see 
Chapter 6) as well as the windpump analysis. 
First of all, the role that irrigation can play in the 
development of the farming system must be 
carefully studied. It should be recognized that 



in many cases rain-fed farming can be 
improved even without the introduction of 
irrigation. When a rain-fed farming system has 
reached its limits, as was for instance the case at 
Sao Vicente, the introduction of irrigation can 
be considered. 

The social effects of the introduction 
of irrigation should also be investigated care- 
fully because the social changes are not always 
positive for the local situation. In some West 
African countries, for example, the women 
were responsible for cultivating rain-fed rice in 
swamps. For cultural reasons, the introduction 
of a controlled water supply necessitated the 
involvement of men in the new technology. 
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Because of the consequences that 
this had on the division of labour and the po- 
wer structures in the family, the introduction of 
irrigation failed in a number of villages (FAO 
1985). Therefore irrigation in general must not 
be viewed solely as a technological or organi- 
zational problem, but also as a social force (Eg- 
gink and Ubels 1984). 

This is also true for the introduction 
of windpumps. Given the high investment 
costs and the private ownership, windpumps 
may benefit the relatively well-to-do farmers 
first This will be especially true when wind- 
pumps are introduced in rain-fed farming sys- 
tems. The gap between rich and poor peasants 
is widened due to this fact and the crucial ques- 
tion of whether or not it is acceptable has to be 
answered when the introduction of wind- 
pumps is being considered. 

Other factors to consider in introdu- 
cing windpumps in rain-ted farming systems 
are water management under windpump 
irrigation and the change to market-oriented 
farming including the required infrastructure. 

12.3 The introduction of windpumps in irri- 
gated farming systems. 

if windpumps are introduced in far- 
ming systems where irrigation is already pre- 
sent, an initial analysis can be restricted to the 
specific characteristics of windpumps by com- 
parison with other irrigation devices. If mainly 
traditional devices are in use, then saving 
labour, an increase of the command area, and 
a possible change into commercial farming are 
key factors. 

If the move to commercial farming 
requires an alternative cropping system, the 
prospects of this change must be carefully stu- 
died. In some cases, like in Crete where traditio- 
nal farming had reached its limits and farmers 
already had started to cultivate new crops, 
such a change will not create many problems. 



But, in many cases, the cropping sys- 
tem is determined mainly by cultural and social 
norms and such a change might not be possi- 
ble at all. Where no large changes in the crop- 
ping system are required, financial aspects may 
be the key factor. In this situation the price of 
fuel becomes critical to the relative economics. 
When modern water lifting devices are in use 
and families are already market oriented, a 
windpump should be at least cheaper per litre 
of pumped water and have a comparable out- 
put compared with the other devices. 

As with rain-fed fanning the social 
consequences of the introduction of wind- 
pumps also depend on the groups of farmers 
for whom windpumps are attractive. Small size 
windpumps might give poorer families with 
small landholdings the possibility to invest in a 
modern water lifting device. With such a 
target orientated approach, the introduction of 
windpumps can lead to fundamental changes 
within the local society. 

In some cases, such as that at Sao 
Vicente, the investment in an additional water 
lifting device can also be an opportunity. 
Farmers who already own a motor pump can 
add a windpump to save fuel. If fuel is very 
expensive and its supply insecure, a combina- 
tion of a windpump with a fuel pump might be 
attractive. 

If several windpumps are used to irri- 
gate one small-scale project the direct interest 
of farmers is probably restricted to the costs of 
water and the reliability of the water supply 
only. The farmers will have their own 
ways of distributing the water within the 
existing farming system. If windpumps are in- 
troduced into this kind of system, they should 
not make water management too complex. 
In other words, the windpumps should be the 
solution to an existing problem, not the source 
of new ones. 



2 'Different types of windpumps and their characteristics 



2.1 



The emphasis in this report is on wa- 
ter-pumping windmills, referred to here as 
windpumps, with a mechanical transmission. 
Wind-electrical pumping systems also \ist, 
but they will only be discussed briefly in this 
report 

Even when it seems promising to use a wind- 
pump in a particular situation, the best type of 
windpump to meet the specific needs must still 
be determined. 

Section 2.1 presents an overview of 
the different types of windpumps, including 



their most important features such as construc- 
tion materials, energy efficiency, investment 
costs, production methods, maintenance re- 
quirements and reach of pumping heads. 

After the type of windpump has 
been selected, the required characteristics 
have to be determined, such as rotor area, 
number of blades, tower height pump type, 
type of transmission, safety system, and so on. 
Section 2.2 discusses these details. 

Operation and maintenance are co- 
vered in Section 2.3. 



TYPES OF WINDPUMPS 



Windpumps with mechanical trans- 
mission can be divided into several categories: 



1. traditional low-cost windpumps 

2. "classic multi-blade" windpumps 

3. recently developed windpumps 





Crete 



Thailand 



Figure 2.1 Two examples of traditional "low cost" windpumps. 

2.1.1 Traditional low-cost windpumps 
This category comprises different kinds of 
windpumps that have traditionally been 
locally produced, many of which have long de- 
velopment histories such as the windpumps in 



China that were already in use 3000 years ago. 

Other examples are the windpumps 
in Crete, Peru, Thailand, and the Netherlands 
(Figure 2.1). This type of windpump was found 
in regions with favourable characteristics: high 




wind speeds and pumping heads not far below 
5 m. These windpumps are not suitable for 
areas with less favourable conditions because 
of their relatively low water output 

Traditional windpumps are chiefly: 

■ constructed of wood, sails and scrap. 

■ made by local craftsmen. 

■ have low investment costs (compared to 
classical windpumps). 

■ require intensive maintenance and repair. 

■ are labour intensive to operate. 

■ have rather low energy efficiency. 

■ can last a long time with partial replacement, 
otherwise they are good for five to ten years. 

■ have pumping heads of less than 5 m. 

2.12 Classic multi-blade windpumps 

The classic multi-blade windpumps 
are commercially produced windpumps, 
which were developed over fifty years ago and 
are still on the market (see Figure 22). 

They are produced mainly in the 
United States, Argentina and Australia. Origi- 
nally they were used for watering cattle in all 
parts of the world. 




Figure 22 A classic multi-blade windpump. 



The main characteristics are: 

■ capital intensive steel fabrication processes. 

■ construction chiefly of steel, cast iron, bronze, 
etc 

■ construction in a well-equipped metal work- 
shop with a lathe and foundry, among other 
things. 

• high investment costs. 

■ low maintenance costs. 

■ more efficient energy conversion than 
traditional low-cost windpumps. 

■ long life, typically 25-30 years. 

■ possibility of high pumping heads (even up to 
300 m). 

■ start-up at low wind speeds, low rotation 
speed. 

■ an automatic safety system to prevent 
damage from high wind speeds. 

2.1.3 Recently developed windpump ; 

The boom in energy prices during 
the seventies was the primary reason for 
renewed interest in windpumps as a possible 
alternative to the use of fossil *«rel for water 
lifting. 

Recent developments are twofold: 

■ Simple low-cost windpumps have been 
improved. 

One example of this development is 
the improved Cretan windpump. It has a 
dubious success record. It was introduced into 
Thailand with some success, but elsewhere, 
such as in Ethiopia and Kenya, its introduction 
was not successful. 

The Sahores windpumps intro- 
duced into West Africa are another example 
of an unsuccessful introduction. Traditional 
windpumps are so closely bound to their re- 
gion of origin that it is difficult to transfer this 
type of technology. 

The Cretan windpumps, for instance, are used 
for supplemental irrigation in an area with high 
wind speeds and operation is highly labour 



intensive (see Section 1.1.1). The traditional 
windpump in Peru is inefficient, but with low 
pumping heads it is not a major problem. 

It has become clear that the tra- 
ditional type of windpump, although satis- 
factory for the specific region where it was 
developed, is not easy to adapt to the demands 
of the small-scale irrigation or drinking water 
supply projects in regions where they are 
newly introduced. 

On the other hand, classic wind- 
pumps with high pumping heads are designed 
to supply drinking water and water cattle, 
which results in very heavy construction and 
high investment costs for both the user and the 
manufacturer. The energy conversion effi- 
ciency of this classic windpump at higher wind 
speeds is only moderate at high heads and 
quite low at low heads. The high investment 
cost combined with low efficiency also makes 
them less attractive for small scale irrigation. 

■ New windpumps have been designed, which 
are cheaper than the classic multi-blade 
windpumps, have wider applications than 
traditional low-cost windpumps, and can be 
built in a light engineering workshop. 

Another alternative development 
has been in the direction of windpumps adap- 
table for small-scale irrigation, with medium 
pumping heads and a relatively high output A 
characteristic of this new windpump is that it 
can be easily repaired - and even produced - in 
a local workshop. 

Most of the recently developed windpumps 
have the following characteristics: 

■ emphasis on a light but reliable construction, 
that is less expensive than classic multi-blade 
windpumps. 

■ construction of steel, brass, etc 

■ tools for construction include lathe, drill- 
press, welding set and hand tools. 




Figure 2.3 A recently developed windpump. 

■ possibility of local production in a reasonably 
equipped workshop. 

■ more labour-intensive maintenance than 
for classic windpumps, but local repairs are 
possible. 

■ non-labour intensive operation. 

■ life span of 10-15 years. 

■ pumping heads of 5 to 50 metres. 

■ high energy efficiency. 

■ higher rotation speeds with light rotors and 
few blades. 

■ automatic safety system, to prevent damage 
from high wind speeds. 



2.1 4 A comparison of three types of wind- 
pumps 

Table 2.1 provides an overview of the chief 
characteristics of the three types of wind- 
pumps listed before. As Table 2.1 shows, the 
recently developed windpumps have rather 
favourable characteristics for implementation 
in irrigation schemes especially with respect to 
costs, labour requirements, water output and 



pumping heads. Nevertheless, there are still 
situations in which a classic windpump is a bet- 
ter option, especially in terms of maintenance 
requirements and reliability. 

Table 2.2 gives the estimated prices 
of some windpumps that are currently availa- 
ble. The total price and the price per square 
metre of rotor swept area can be used as a cost 
indication. 



Table 2.1 Characteristics of the three types of windpumps (Mueller 1984). 



Type 


Traditional 


Commercially 


Recently 




low cost 


produced 


developed 




windpumps 


classic windpumps 


windpumps 


- Materials 


wood, sails, scrap 


steel (cast) brass 


steel, (fabricated), brass 


- Investment cost 


low 


high 


moderate 


- Maintenance costs 


high 


low 


moderate 


- Skills required for repairs 


low 


moderately high 


moderate 


- Spare parts availability 


easy 


difficult 


moderate 


- Operation/labour intensity 


high 


low 


low 


- Optimal rotational speed 


low 


low 


higher 


- Energy efficiency* 


low 


moderate 


high 


- Life time 


5-10 years 


25-30 years 


10-15 years 


- Reliability 


low 


high 


moderate 


" The energy efficiency is that fraction of the total wind energy flux passing through the rotor that is effectively used for lifting water 



2.1.5 Wind generators in combination with 
electric pumps 

Although electricity generating 
windmills, the so-called wind generators (see 
Figure 2.4) have existed since the beginning of 
this century, combining them with electric 
pumps is rather new. 

Recent research in this field shows 
good prospects. Although the system has more 
energy loss (longtransmission lines), that could 
be compensated by the fact that the installa- 
tion site of the wind generator does not neces- 
sarily have to be in close proximity to the well. 

More favourable sites with respect 
to wind exposure or wind speed can therefore 
be chosen. 




Figure 2.4 A wind generator. 



A second advantage occurs in situa- 
tions when water pumping windmills with 
mechanical transmission might not have 
enough capacity to fully exploit tube wells of 
high productivity and small diameter. 
In that case, the combination of a wind genera- 
tor and deep well pump with a larger pumping 
capacity might be a solution. 



"estimated prices for commercially produced windpumps 
"Kijito is a slow running, locally produced, high reliability system 



2.1.6 Wind systems with long-distance 
transmission 

The advantages stated in the former 
section, better exposure and more than one 
pump per water source, can also be attained 
with the introduction of long-distance power 
transmission. A compromise with the "high" 
technology of the electrical system is the intro- 
duction of pneumatics or hydraulics. There are 
a number of small wind turbines fitted to com- 
pressors now available on the world market 



This solution might be especially 
good in cases of high wind speeds on the hills 
or highlands and lower wind speeds in the val- 
leys where the wells are situated. It should be 
borne in mind, however, that local production 
of wind generators is generally not possible, 
and that maintenance and repairs can cause 
problems. 



Price per m* 
rotor area US$ 



155* 

282 

148* 

113* 

263* 

299* 



520 
290 
245 
460 
337 
350 
299 



Water hydraulics have also been used with 
windpumps, although only Kijito in Kenya offer 
the system commercially. 

In both cases, the power loss over a 
distance can be a problem unless the increase 
from improved exposure can be used to offset 
it Water hydraulic power transmission has two 
main advantages: the opportunity for 
local production in a reasonably well-equip- 
ped workshop and the possibility of local 
maintenance and repairs. 



Table 2.2 Purchase price and prices per square metre of rotor area for several windpumps in different countries 
(1983 price level). 



Type Manufactured Delivered Rotor dia- Price 

in in meter (m) US$ 



Presently developed windpumps 



WOT 12 PU 500 


Kenya 


Kenya 


5.0 


3.037 


ULI5000 


Tanzania 


Tanzania 


5.0 


5.555 


WEU I-3 


Sri Lanka 


Sri Lanka 


3.0 


1.033 


CWD 2000 


Sri Lanka 


Sri Lanka 


2.0 


355 


CWD5000 


Cape Verde 


Cape Verde 


5.0 


5.165 


Kijito 


Kenya 


Kenya 


7.3 


12.500 


Gassic multi-blade windpumps 










Southern Cross 


Australia 


Cape Verde 


2.4 


2.246 


Southern Cross 


Australia 


Cape Verde 


5.2 


5.881 


Southern Cross 


Australia 


Cape Verde 


7.6 


10.613 


Dempster 


U.S.A. 


Cape Verde 


3.0 


3.105 


Dempster 


USA 


Cape Verde 


4.3 


5.400 


Comet 


U.S.A. 


Cape Verde 


3.6 


3.402 


Comet 


U.SA 


Cape Verde 


7.3 


12.500 



WINDPUMP CHARACTERISTICS 
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The main criteria for selecting a 
windpump is the power required (energy per 
second) to lift the quantity of water needed 
within a specified period of time over a certain 
height This power is supplied by the wind that 
makes the rotor turn. The main characteristic 
of a windpump is the diameter of the rotor, 
which determines the area of the rotor and 
therefore the mass of wind utilised. There 
are limitations on how much energy can be ex- 
tracted by the rotor and, in practice, the maxi- 
mum for windpumps is about 30%. 

However, this is only the efficiency of 
the rotor at its optimum operating point 
The system as a whole can only convert 5% to 
15% of the theoretical wind power into actual 
pumping power. 

The next section treats the output/ 
rotor area relationship to the wind. This is 
followed by a section on design wind speeds. 
The supplemental windpump characteristics 
that influence output and windpump selection 
will then be discussed. They are the: 

■ number of rotor blades 

■ tower height 

■ pump 

■ control and safety system 

■ transmission 

The last section of this chapter con- 
centrates on the maintenance and repair of 
windpumps. 

To facilitate these discussions, Figure 
2.5 presents a drawing of a windpump which 
illustrates the different parts by name. 

2.2.1 Rotor area and output of a windpump 
The following losses are incurred by 
convertingthe kinetic energy per second gene- 



rated by an air mass flowing with a certain velo- 
city V through an area A to the actual lifting of 
the water: 

■ conversion of wind energy to rotor axis 
(Cp = 0.2to0.4). 

■ transmission and pump ( '/ = 0.4 to 0.8). 

■ improper wind matching (matching factor 
= 0.5). 

The first two losses are obvious to 
the mechanically minded. The last loss needs 
some clarification. It originates from the fact 
that a windpump runs optimally only at the 
wind speed to which it has been matched. 

A wind regime, however, hasaconti- 
nually changing wind speed which results in a 
sub-optimal operation of the windpump most 
of the time. Normally up to 50% of the wind 
energy is lost due to this matching problem. 
Taking these three factors (Cp// and 
matching) into account the average overall 
wind-to-water energy conversion can be esti- 
mated at 5% to 15%. 

If the necessary data for the windpump are not 
yet known (Cp and '/ ), the following simple 
formula can be used to estimate the power 
output of a windpump: 



P = 0.1 AV 3 (W) 



(2.1) 



where: 



P = power output (W) 

A = area swept by the rotor blades 

(m 2 ), where A = 1/4 n D 2 
D = diameter rotor (m) 
V = average wind speed per year or 

month (m/s) 




side vane 



Figure 2 5 The details of 3 windpump. 




For more details see the Wind Pumping Hand- 
book (Van Meel and Smulders 1989) 



The power required to lift Q m 3 /s of water H 
metres is given by: 

P =Q/' wg H(W) (2.2) 

where: 

P = power required (W) 

Q = quantity of water per unit of 

time (m 3 /s) 
/' w = density of water (kg/m 1 ) 
g = acceleration due to gravity 

(m/s 2 ) 

H = total pumping head (m) 



Combining the two formulae 2.1 and 2.2 and 
substituting for A = 1/4 n D 2 gives the water 
output Q of the windpump, for example: 



Q = 



0.1 1/4 jt D 2 V 3 



/'wgH 



m 3 /s 



(2.3) 



Substituting t> w =1000 kg/m 3 , g = 9.8 m/s and 
multiplying by 1000 to convert cubic metres to 
litres, results in the following formula: 



Q = 0.008 



V 3 D 2 
H 



l/s 



(2.4) 



To convert litre/s to m 3 /day, multiply formula 
2.4 by 3600x24/1000. This results in: 

V 3 D 2 , 
Q day = 0.69 — ^— mVday (2.5) 



Now the output of a windpump can be calcula- 
ted for every combination of mean wind 
speed, rotor diameter, and total pumping 
head. 



Example 2.1 

Given a total pumping head H of 10 
m and an average wind speed V of 5 m/s, the 
average daily output of a windpump with a ro- 
tor diameter D of 2 m and 5 m respectively can 
be calculated: 



rotor diameter 2 m : 
5 3 2 2 

Q day = 0.69 ^ 

rotor diameter 5 m : 
5 3 5 2 

Q day = 0.69 — ^q— 



= 34.5 m 3 /day 



215.6 m 3 /day 



Example 2.2 

To determine the required rotordia- 
meter, given water requirement 60 m 3 /day, 
water head 5 m, and average wind speed 
3 m/s: 

QdayH 

First rewrite formula 2.5 in the following way: 

D= /QdayH 
* 0.69 V 3 



and fill in the proper data: 



5 



60x5 



.69 x 3 3 



= 4.0 m 



2.2.2 Wind speeds used for design purposes 

Four wind speeds play a role in 
designing a windpump. They are Vj n , V ra t e d . 
Vdesign ano< ^out . They are most important, 
if exact output predictions are required. 
Althoi igh designing windpumps is not the ob- 
ject of this report, it is essential to have some 
idea of these terms. They will be explained 
using an output curve, (Q-V curve) of a wind- 
pump (see Figure 2.6). 




In this figure the output (Q) of a windpump has 
been plotted against the wind speed. For more 
extensive information on this subject refer to 
Van Meel and Smulders (1989) or Lysen 
(1983). The windpump starts working at a 
wind speed equal to Vj n (called also V s tart )• Vin 
is very dependent on the size of the pump, 
because a certain amount of initial power is re- 
quired to drive it Most piston pumps, however, 
require about three times more torque to get 
started than they do to keep going. 

This means that a low wind may 
have enough power to keep the windpump 
running, that is to drive the pump, but not 
enough torque to start the pump. Vj n is actually 
a range of wind speeds at which the wind- 
pump might be running (if it were running the 
moment before), or it might be stationary (if it 
were stationary the moment before). 
For purposes of this publication, Vj n is given a 
single wind speed. 

All windpumps have a safety system 



to protect them against gusts and storms. 
The safety system is combined with an orienta- 
tion system. At low wind speeds the rotor is 
oriented into the wind; with increasing wind 
speeds, the rotor is gradually turned out of the 
wind so as to limit the speed of the pump and 
the forces acting on the structure. At a wind 
speed equal to V ra t e d the maximum output is 
reached and the rotor starts turning out of the 
wind. This process is called "furling". At a wind 
speed eq ual to V ou t , the rotor is completely out 
of the wind and stops working. 

The design wind speed (Vdesign or 
Vd), the wind speed at which the rotor pump 
design combination reaches its highest energy 
conversion efficiency, is chosen somewhere 
between the minimum Vj n and V rate d The de- 
sign wind speed can be influenced by technical 
adjustments. One must be careful when using 
the single figure for Vj n . In some circumstances, 
it is advisable to set the Vd lower than Vj n , 
which can cause some confusion. 
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Figure 2 6 An example of a Q - V- curve. 

223 The details of the rotor 

Although the number of blades 
plays a less crucial role in the selection of a 
windpump than say the rotor diameter, the 
great variety in number of blades for different 
types of windmills justifies some remarks on 
this subject 



The traditional "low cost" wind- 
pumps generally have only fourto eight blades, 
while the classic multi-blades have 20 or even 
more. The recently developed windpumps ty- 
pically have eight to 16 blades whereas wind 
generators have only two or three blades. 



The number of blades determines 
the rotational speed range at which the rotor 
operates at optimal energy conversion effi- 
ciency. The more blades the rotor has, the 
lower the angular velocity of the rotor when 
this optimum is reached. Before and after the 
optimum, the efficiency decreases (sometimes 
sharply). One advantage of the multi-blade is 
that it runs slower at the same wind speed than 
a windpump with fewer blades. 

This is more convenient for piston 
pumps whereas wind generators with two or 
three blades run fast which is more compatible 
with the generator's requirement The other 
advantage of the increased number of blades is 
the rotor torque. Increased torque at starting 
allows the peak torque, which is required to 
start moving the piston, to be reached at a low 
wind speed. 

Multi-blade rotors therefore are 
used with windmills built for rural water supply 
and watering cattle in wind regimes with a fre- 
quent and prolonged occurrence of wind 
speeds between 2.5-3.5 metres per second . 

Recent windpumps use fewer 
blades and piston pumps. How can this be? 
The answer lies in the piston pump or with the 
counterbalance in the head of the machine. 
Devices such as starting holes, floating valves, 
and variable stroke orifice lower the maximum 
torque requirement of the piston pump. 
Similarly, devices such as the counterbalance, 
literally counter the weight of the rods and 
(sometimes) the water to lower the peak tor- 
que requirement 

These devices work best with the 
lower delivery pressures of low heads and 
therefore are particularly suited for the newer 
irrigation windpumps. There is no reason, 
however, why these devices can not be used 
with the classic or traditional windpumps, 
and indeed in some cases they have been used 



quite successfully. There is one primary dis- 
advantage of using the pump-based devices 
with a multi-blade: the lower angular velocity 
means that the device gives a more intermit- 
tent pump output This is notaserious problem 
with small windpumps. 

Combined wind/electric systems 
use fast running rotors that have a higher peak 
(aerodynamic) efficiency than the multi-blade. 
The higher rotational speed also suits the 
generator's action. The complete system rarely 
has a significantly higher overall efficiency 
when used for pumping water, however. 

The main reason for increasing the 
number of blades is to lower the optimum ro- 
tational speed and more importantly to in- 
crease the torque available to start the pump. 
With many blades, the aerodynamics of the ro- 
tor are somewhat "spoiled", therefore the lift 
dynamics of the individual blades are not too 
important 

A multi-blade rotor can therefore be 
made with a simple blade shape (a curved 
plate), while electric generating rotors need 
aerodynamic profiles. 

2.2.4 The tower height 

The tower height of mechanical 
windpumps is normally between 5-12 metres. 
The most important function of the tower is to 
raise the rotor above surrounding obstacles 
such as buildings and trees. In that case a 
good exposure of the rotor to the wind is guar- 
anteed. The height should be a compromise 
between economizing on construction costs 
and the wish for maximum water production. 

On the one hand, a lower tower 
makes a windpump cheaper. The construc- 
tion, including the foundation, can be made 
simpler and the transmission between rotor 
shaft and pump is shorter. On the other hand, 
the higher the tower, the more advantage can 



be taken of the fad that the gi eater the height a function of the surface roughness, usually in- 
above the ground surface the more the wind dicatedasroughnessheightZo.ValuesofZoare 
speed increases. This increase, however, is also presented in Table 2.3. 



Table 2.3 Roughness heights (Lysen 1983) 



flat 


beach, ice, snow landscape, ocean 


zo 


= 0.005 m 


open 


low grass, airports, empty crop land 


zo 


= 0.03 m 




low crops, high grass 


zo 


= 0.10 m 


tough 


tall row crops, shrubs 


zo 


= 0.25 m 


very rough 


forests, orchards 


zo 


= 0.50 m 


dosed 


villages, suburbs 


zo 


= 1.0 m 


towns 


town centres, open spaces in forests 


zo 


> 2 m 



These values can be used in the standard for- 
mula for the logarithmic profile of the wind 
speed: 

V(z) _ In (z/Zq) 



(2.6) 



V(z r ) In (z r /Zo) 



where: 



z — height (m) 

z r = reference height at which a given 

wind velocity is measured (m) 
Zq = roughness height (m) 
V = wind speed (m/s) 
In = natural logarithm 

Example 23 

What is the average wind speed at a height of 
12 m, in an area with orchards, if the wind 
speed at 8 m height is on average 4 m/s? 
The roughness height for orchards is 0.50 m, 
thus: 

V(12) In (12/0.5) 



thus: 



V(8) In (8/0.5) 



In 24 



V(12) = 4 



: 4.6 m/s 



In 16 



Example 2.4 (the effect of the tower height) 

If we assume that a site has a rough- 
ness height of 0.25 m, what is the difference in 
daily output of a windpump with a tower 
height of 5 m and 10 m, respectively, if the fol- 
lowing data are given: the rotor diameter is 
5 m, and the V is 5 m/s (measured at 10 m 
height). The total pumping head H is 10 m. 

With the help of formula 2.6, it can 
be calculated thatthe wind speed ata height of 
5 m is approximately 4 m/s. Using formula 2.5: 

10 m tower: Q day = 0.69 5 1 5 1 = 216 mVday 

10 



5 m tower: Qd ay = 0.69 43 52 =110 m 3 /day 

10 

In this case, it can be noted that a 
10 m tower has almost twice the output of a 
windpump with a 5 m tower. 

2.2.5 The pump 

Most pumps used in combination 
with windmills are single acting piston pumps. 
But axial flow pumps and archimedian screws 
were and are also in use. Axial flow pumps are 
coupled to rotors with small diameters (3-4 m) 
and are used for drainage and irrigation if 



pumping heads are very low (1-2 m). Combin- 
ing archimedian screws with a rotor is rather 
old and was used in the Netherlands for 
drainage purposes. There is some renewed in- 
terest in this combination in China and India 
The results of research in this direction are too 
preliminary, however, to be worth including in 
this report 

Next, lefs concentrate on piston 
pumps. A piston pump consists of a piston, two 
valves, a suction pipe and a delivery pipe. 

Sometimes air chambers are incor- 
porated into the delivery or suction pipe of the 
pump to smooth the flow and reduce shock 
forces in the pump rod (see Figures 2.7 and 
2.8). 



The operating principle of the re- 
ciprocating piston pump is simple: if the piston 
moves downward, the upper valve (piston 
valve) opens, the lower valve (foot valve) 
doses. As soon as the piston moves upwards 
the upper valve (piston valve) closes, the lower 
valve (foot valve) opens and water above the 
piston is lifted; water is sucked into the 
chamber below the piston, if the pump is 
above water level, or pushed into the chamber 



if the pump is below water level. 
Windmills can be equipped with pumps of dif- 
ferent diameters and stroke lengths. To deter- 
mine the optimal combination of diameter 
and stroke, one has to know the total head H 
over which the pump has to lift the water, the 
design wind speed Vd , and and the average 
pumping rate Q. 

The design wind speed Vd the wind 
speed at which Cp'' reaches a maximum 
value in a given wind regime; Vd is normally 
chosen to be approximately the average wind 
speed and should lie between V in and V ra t e d 
as discussed in Section 2.2.2. 

Given H, Vd and Q, a windpump 
manufacturer can give advice about the best 
pump volume. Usually the volume of the 
pump increases with a decreasing pumping 
head and vice versa; thus a great depth re- 
quires a small pump. 

One of the problems of combining 
windmill and piston pump is that the required 
starting torque and power is rather high, thus 
the wind speed at which pumpingstartsishigh. 
In other words, choosing a large pump leads to 
a high output, but a low availability 
(for instance, the windpump will often stand 
still). The choice of a small pump improves 
availability, but reduces output In matching a 
pump to a windmill, one needs to establish 
the best possible compromise between out- 
put and availability (see also Van Meel and 
Smulders 1989). 

Recent research has proven that this 
starting behaviour can be improved in diffe- 
rent ways as was discussed in section 2.2.3. The 
most common methods at present are either 
drilling a very small hole in the piston or using a 
floating valve. The effect is that at low speeds, 
all water that is pumped will leak through the 
hole or along the valve. This implies that the 
pressu re on the piston is very low and therefore 
the starting torque is lowered. If the speed is 
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Figure 2.7 The operating of a reciprocating piston pump 
(Coezinne 1986). 
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Figure 2.8 Schematic drawing of a reciprocating piston pump connected to the wind rotor (Lysen 1983). 



higher then the quantity of water leaking is re- 
latively small compared to the normal output 
of the pump, and this effect is more than offset 
by lowering the starting speed. 

The pump (or suction pipe) can be 
placed in a river or lake, in an open well, or in a 
tube well. In the latter case the diameter of the 
tube well may be limiting the maximum pump 
diameter. Another constraint that should be 
examined is the recharge capacity or yield of 
the dug or tube well as will be discussed in 
chapter 4. The pump should not empty the 
well completely, otherwise it could be severely 
damaged by running dry. 

The pump position can be either 
submerged or in "suction". In the latter case, 
the pump can not be placed more than about 
6 m above the water level. One should be 
aware that the water level is drawn down du- 
ring pumpingfrom its static level to its so-called 
dynamic level. 

22.6 Control and safety system 
The main functions of a control and safety sys- 
tem are: 

■ limiting the speed of the rotor (and pump) at 
high wind speeds. 

■ limiting the forces on the rotor blades, the 
rotor head and all its components, and the 
tower. 

■ keeping the rotor facing the wind at normal 
wind speeds; thereby, optimising energy effi- 
ciency. 

In the ancient windmills that were 
used in Holland, Portugal, and Greece, among 
other places, the control system was made up 
of sails that could be reefed, plus a brake. 
Modem windpumps generally have a safety 
system consisting of two vanes, one tail vane 
that keeps the rotor in the wind, a side vane 
pushing the rotor out of the wind, and a coun- 
ter force provided by a spring which is called an 



ecliptic safety system. Instead of using a side 
vane, the rotor can also be placed eccentrically 
with respect to the vertical rotation axis of the 
head, as shown in Figure 2.9. 




figure 2.9 Ecliptic safety system, with an eccentrically placed 
rotor (in this case no side vane is required). 



A counter force due to gravity can 
also be used (inclined hinged vane system, see 
Figure 2.10) in place of the counter force 
provided by a spring. This system is well suited 
to turn the rotor very gradually out of the wind 
with increasing wind speed. 

As the tail vane remains more or less 
parallel to the wind, this turning of the head 
means that the tail vane is turned around on its 
inclined hinge, and is thereby lifted. The vane 
strives towards its lowest position, however, 
providing the moment that balances the rotor 
and side vane (Lysen 1983). Moreover, the 
windpump should have a lock position 
(Smulders and Loytenberg 1985). 

2.2.7 Transmission 

Windpumps are provided with a 
transmission of either the crankshaft type or 
the gearbox type in order to transmit the hori- 
zontal rotational movement into a vertical up 
and downward movement (see Figure 2.11). 

The crankshaft type iseasierto man- 
ufacture and cheaper, but in general needs 
more maintenance and repair than the closed 
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Figure 2.10 Inclined hinge vane system. 

gearbox type. Another disadvantage of the for- 
mer is that ro reduction of rotation velocity 
can be made. The gearbox type is more expen- 
sive, however, and needs regular oil changes. 



There are now commercial alterna- 
tives to the mechanical transmission system. 
These include the use of compressed air, water 
hydraulics, and, of course, electricity. 
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Figure 2.11 Two different types of transmission. 



MAINTENANCE AND REPAIR 



Once a windpump has been install- 
ed, it will generally last for at least 10-15 years 
(locally built windpumps) or up to 30 years 
(classic multi-blade windpumps), if regular 
maintenance is carried out The maintenance 
involves regular greasing changing the oil 
(gearbox type), changing the pump-worn 
parts, checking the different parts, and 
depending on the corrosion in a particular 
area, painting the tower and rotor. 

From time to time, some parts will 
have to be renewed; most frequently, the pis- 
ton leather (after half a year to one year). It is 
only seldom that pump rods and bearings, or 
the pump as a whole, have to be renewed. 

The classic multibiade windpumps 
require very little maintenance (once in 6-12 
months). The recently developed windpumps 
require more regular maintenance (once every 
2-3 months). 

Annual maintenance and repair 
costs are in the range of 1%-15% of the total in- 
vestment cost of the windpump. Table 2.2 
shows the investment cost of windpumps 
exclusive of installation cost Installation costs 
are generally some 10%-20% of the price of 
the windpurr 

In a traditional irrigation area on the 
Cape Verde Islands, where farmers themselves 
did the maintenance, the yearly costs of main- 
tenance and repair were about 5% of the 
investment cost of their locally constructed 
windpump. In the same area, some other far- 
mers used imported commercial windpumps 
and had annual maintenance and repair costs 
of only 1%-2% of the investment cost (Van der 
Bijl 1985). In a windpump project on another 
Cape Verde Island, however, where imported 
American windpumps are used for the 



domestic water supply, the annual costs for 
maintenance and repair are between 5%-7% 
of the investment cost of the windpump, inclu- 
ding installation. 

The organisational aspects of main- 
tenance and repair are also important A 
choice has to be made between a centralized 
or decentralized organisational set up. 
Furthermore attention must be paid to the 
technical knowledge and skills of the users of 
windpumps. These should be sufficient to 
allow the users to carry out day-to-day mainte- 
nance and minor repairs by themselves. 

A farmer cannot easily go with his 
wind- pump to a local workshop as he could do 
with a fuel or electric pump. 
Therefore training facilities for the users must 
be included in a project (see section 7.1 pilot 
project and implementation). 

In conclusion it can be stated that 
the organisational aspects of maintenance 
and repair influence the scale of a windpump 
project 



^^^^ 



Wind and water availability 



The selection of windpumps for irri- 
gation (or other purposes) requires reliable 
data on wind and water availability. 
This data enables estimates to be made of the 
quantities of water that can be pumped in the 
course of a year. 



THE WIND REGIME 



The decision about whether to use 
windpumps requires a thorough knowledge of 
the wind regime in the area concerned. 
The nature of the wind is such that global or re- 
gional surveys are only indicative of the general 
pattern. The wind at specific sites may deviate 
considerably from the wider regime. Only in 
regions with average wind speeds between 6 
and 10 m/s (for instance trade wind regions) 
can activities be started without a detailed 
knowledge of the regime. 

3.1.1 Data requirements 

Ideally, the potential for windpumps 
should be assessed on the basis of long-term 
records (10 years or more) of wind speed and 
wind direction patterns. The data should make 
it possible to determine such things as the: 

■ hourly, daily, monthly and annual wind 
pattern. 

■ duration of low wind speeds and high wind 
speeds. 

■ maximum gust speed. 

■ wind direction. 

■ amount of wind energy present and the rela- 
ted water quantity that can be pumped per 
month or year. 

Such extensive wind speed data is 
seldom available however. The minimum 
amount of data needed for starting a pilot 
project on wind energy is therefore discussed 
in the following sections. 



This section describes the various as- 
pects of collection, processing, and analyzing 
wind speed data; data on well yields, pumping 
heads and site selection will also be treated. 
Consideration is also given to scheduling data 
collection in relation to the introduction of the 
windpump. 



3.1.2 Mean wind speeds 

The average annual wind speed can 
bean initial indication of the economic viability 
of windpumps. This value should normally be 
at least 3-4 m/s. The annual mean wind speed 
can be misleading. 

All the wind may occur in the dry 
season giving a high mean for that part of the 
year, or, as happens in Thailand, the wind mav 
occur during one short period each day. In the 
Thai case, the wind blows for about 6 hours a 
day, sufficient to pump for the six hours, but 
giving a very low (1 -2 m/s) 24-hour mean wind 
speed. One must be cautious, therefore, in the 
use of annual mean wind speeds. 

At the minimum, windpumpingpre- 
feasibility studies tend to require average 
monthly wind speeds and preferably an indi- 
cation of the occurrence of windless periods. 

If this data does not exist for the 
windpump site, data from nearby meteorolo- 
gical stations may be used, supplemented by 
short-term measurements in the specific area. 
The short-term measurements must be com- 
pared with measurements taken concurrently 
at the meteorological station. 

3.1.3 Data accuracy 

If one intends to use data from other 
stations, the methods of measuring and collec- 
ting the data and the location of the station 
should be investigated. 



The questions one should ask include: 

■ Which type of wind measuring system was 
used? 

■ How frequently was the wind measured? 
(once a day, hour)? 

■ In what units are the results expressed? (m/s, 
knots, miles/h, etc)? 

■ What is the location of the station, in terms of 
coordinates, height, exposure to the wind, 
etc? 

■ What is the roughness height of the sur- 
roundings? 

■ Were these characteristics the same through- 
out the years of data gathering? 

The last question is particularly signi- 
ficant The station may have been in a different 
location, or the wind measuring equipment 
may have been replaced, overhauled or simply 
damaged in the past The accuracy of anemo- 
meters (instruments to measure wind speeds) 
should be checked and they should be 
weatherproof, and so on. It is likewise advisable 
to calibrate them regularly. 

The reliability of the data measured 
by an anemometer depends on its position 
(height above ground level) and its location 
(proximity to obstacles, etc). 
The wind regime that the anemometer (or 
windpump) experiences depends on several 
factors: 

■ exposure 

■ wind speed profile 

■ turbulence 

■ acceleration (topography) 

Although they are dealt with in a 
later section, one should note that for these 
reasons, measurements at a height of 2 m, 
which is generally used foragro-climatological 
purposes, should be considered very carefully. 
To extrapolate these data to 10 m height might 
introduce large inaccuracies. 



If the results of a pilot project are 
rather promising and a consecutive project is 
considered, then the wind regime should be 
evaluated in more detail. In addition to yearly 
and monthly mean wind speeds, there should 
preferably be one year of hourly wind speed 
data available in order to evaluate fluctuations 
in wind speed on hourly and daily bases. 
With these data one can obtain a better insight 
into the occurrence of windless periods. 

Wind direction data are important 
for the selection of windpump installation sites 
with respect to obstructions. Likewise, if the 
wind is predominantly from one direction, as is 
often the case near a large body of water, the 
windpump may also be made to face only a 
single direction. 

3.1.4 Wind data measuring equipment 

The devices used for collecting wind 
data are the anemometer (measuring 
wind speed) and the wind vane (measuring 
wind direction). Wind speed data tends to be 
the more important Figure 3.1 shows some 
devices. We can divide wind data collecting 
systems into four categories. The criterium for 
the classification is the data memory capacity 
of the system (Wegjey et al. 1980). 
The classification including price indications in 
U.S. dollars as of 1989 is given below. 

A - No memory 

Systems in this class have a display 
showing only the wind speed atthe moment of 
measuring. 

Advantages: low cost, current wind conditions. 
Disadvantages: no recorder, based on human 
observations, biased toward high wind speed. 
Cost $50-$500. 

B - One memory register 

This class includes wind run meters 
(also called wind run counters and odometers). 
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The wind run ("distance travelled by 
wind") duringa certain time interval divided by 
the duration of that interval yields the average 
wind speed of that interval. The more readings 
are made, the more details on wind speed 
distribution can be derived. 
Advantages: low cost, easy to use, good for 
remote locations. Disadvantages: minimal in- 
formation limits data analysis. Cost $100 to 
$500. 

C - Extended memory 

This class includes data loggers or 
non-programmable recorders. This type pro- 
cesses the data supplied by an anemometer 
and stores the results. 

These results are usually suitable for 
direct wind analysis and may include histo- 
grams (see for example Figure 3.3). 



Advantages: summarises data when collected, 
ease of analysis, good for remote locations. 
Disadvantages: cost, some details of the data is 
still lost, auxiliary equipment needed to re- 
trieve data. Cost $300-$1500. 

D - Comprehensive memory 

This class includes programmable 
data recorders and computerized equipment. 
The data supplied by measuring equipment 
are collected and then stored on cassette tapes, 
floppy disks or memory chips. 

This sequential data is then taken to 
a processing unit, usually a computer. The data 
can be analyzed in several ways depending on 
the needs and the available computer pro- 
grammes. The results of such processingcan in- 
clude daily, monthly and yearly patterns, low- 
est and highest wind speeds, wind direction 
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Figure 3.1 Some examples of wind measuring equipment 



patterns, frequency of lulls, and numerical and Disadvantages: large amount of detailed data! 
graphical representations. (which then needs analysis). Cost $1600- 

Advantages: large amount of detailed data. $5000. 



ANALYSIS OF WIND DATA 



Yearly and monthly average wind 
speeds are a minimum requirement for initial 
decisions, that is those made during pre-feasi- 
bility studies. 

This data can be used with the for- 



mula 



Q day =0.69 



V 3 P 2 
H 



(see Section 2.2.1) to 



estimate monthly windpump output This out- 
put pattern can then be compared with the 
monthly irrigation water requirement pattern 
shown in Figure 3.2. 



This Figure makes it clear that the 
period with the highest water requirements 
coincides with the period of low windpump 
output In other words, a water deficit occurs in 
May, June, July, and August 

The example illustrates the impor- 
tance of analyzing windpump output and 
water requirement patterns at an early stage in 
the introduction of the windpump (for further 
details see Chapter 4). 
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figure 3-2 An example of the yearly pattern of windpump output (Q) and gross irrigation requirement (GIR). 



Additional analysis is required dur- 
ing the pilot phase and prior to starting larger 
windpump schemes to be able to make a more 
exact calculation of monthly windpump out- 
put The analysis to be carried out includes: 

■ analysis of hourly fluctuations. 

■ analysis of day-to-day fluctuations (periods 
of windless days). 



■ analysis of daily wind patterns (difference be- 
tween day and night output). 

■ probability of long-term extremes or limits 
(probability of periods with very high wind or 
very low winds, lower and upper wind speed 
limits in certain periods, etc.) 

A time distribution and a frequency 
distribution can be calculated from the hourly 
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wind speed records, which in turn permits an 
analysis of the energy available in the wind re- 
gime and the output of a windpumpas will also 
be discussed in Chapter 5. 

The data is first arranged to give the 
number of occurences of the wind speed 



within a particular interval. For convenience, 
that information is then presented as a histo- 
gram. The tops of the histogram can be joined 
to approximate a curve which may be mathe- 
matically approximated by a function. 




2- 



MEAN V = 7.4 m /s 



2 4 6 8 10 12 14 16 1820 22 24 



-*■ hours 



Figure 3.3 Daily pattern of the hourly wind speed (time distribution) at Praia airport in Cape Verde in the month of June 1975 
(Pieterse1982). 
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The mathematical function used in 
wind analysis is called the Weibull distribution 
function and depends upon two main para- 
meters: 



V = average wind speed usually in m/s for the 

period analysed, 
k = Weibull shape factor (dimensionless). 



The Weibull factor k has values of 1 to 4. The 
higher the factor, the more constant the wind 
speeds. 

Examples of time and frequency 
distributions are given in Figures 3.3 and 3.4 
(Pieterse 1982). For a detailed analysis of 
hourly data using the Weibull distribution, re- 
fer to Lysen (1983) or Van AAeel and Smulders 
(1989). Once this distribution is known, it is 
possible to estimate the windpump output 
more accurately. It is important, to remember, 
however, that while the Weibull distribution 



gives a more accurate estimate of windpump 
output, it does not indicate at all when that out- 
put occurs. In this respect, frequency distribu- 
tion analysis, such as the Weibull analysis, 
should not be seen as a substitute for a time 
distribution analysis. 

For large quantities of hourly data, 
computer programs permit the numerical cal- 
culation of the relationship between wind- 
pump output gross irrigation requirements, 
storage tank capacity and water deficit (see 
also Chapter 5). 

If wind speed data are available for a 
longer period, a probability analysis can be 
done. Among other things, this provides pro- 
bability intervals of monthly average wind 
speeds, as shown in Table 3.1. The practical use 
of such elaborations are shown in the next 
chapter. In practice, as a general rule of thumb, 
the monthly means are within 30% of the 
long-term monthly mean and the annual 
mean is within 10%. 



Table 3.1 95% probability intervals of monthly mean wind speeds at Praia airport. Cape Verde (Pieterse 1982). 



Month 


2.5% limit (m/s) 


97.5% limit (m/s) 


January 


6.52 


7.82 


February 


7.31 


8.51 


March 


7.34 


8.20 


April 


6.74 


8.12 


May 


7.76 


8.32 


June 


6.35 


7.03 


i jly 


4.80 


5.50 


August 


4.36 


5.16 


September 


4.52 


5.60 


October 


5.87 


6.95 


November 


6.16 


6.70 


December 


6.29 


7.81 


Year 


6.52 


6.80 



Note: 95% of the monthly mean wind speed is between the limits mentioned. 2.5% is below the 2.5% limit, and another 2. 5% 
is above the 97.5% limit 
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SITE EVALUATION WITH RESPECT TO WIND SPEED 



The potential power output of a 
windpump is related to the cube of the wind 
speed. This means thatthe site forawindpump 
must be chosen carefully to make the best pos- 
sible use of the wind. More often than not ho- 
wever, the water resource limits the choice of 
location for the windpump. 

With dug wells and tube wells, the 
windpump should be placed on top of the 
hole, with rivers the pump must be within suc- 
tion height of the water level in the dry season. 

The factors that influence the wind speed at a 
specific location are (Wegley et al. 1980): 

■ exposure 

With the most important determining factor 
the exposure of the windpump to the prevai- 
ling wind direction. 

■ wind speed profile 

Vegetation, buildings and the ground surface 
itself cause the wind to slow down near the 
ground. In other words, the wind speed in- 
creases as the height increases. In the lower 
air layers, the rate at which height increases 
wind speed depends a great deal on the 
roughness of the terrain (see also Section 
2.2.4). 



■ turbulence 

Wind flowing around buildings or over very 
rough surfaces shows rapid changes in speed 
and/or direction, called turbulence. This tur- 
bulence decreases the power output of the 
windpump. It can also cause the machine to 
vibrate (see Figure 3.5). 
The same situation occurs near shelter belts 
of trees: the turbulence is noticeable up to a 
leeward distance of at least 10-15 times the 
height of the trees. In a windward direction, 
the turbulence extends up to five times the 
height of the obstacle. 

■ acceleration (topography) 

Apart from the fact that tops of ridges expe- 
rience higher wind speeds due to the effect of 
height on wind speed, the ridge also 
converges the air stream which results in an 
acceleration of the air near the top. Generally, 
the effect is stronger when the ridge is rather 
smooth and neither too steep nor too flat 
(Figure 3.6). 

The last effect, however, is not very 
significant for windpumps, because the tops of 
ridges are generally far away from water 
sources. It can be important for wind gener- 
ators coupled with an electric pump or one of 



region of highly 
disturbed flow 
J 




Zone of disturbed flow over a small building 



Figure 3 5 The effects of an undisturbed air flow encountering an obstruction (Meroney 1977). 
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Level 

Smooth flow 




Gentle slope 

Accelerated flow. 

Wind Turbine can be placed 

anywhere. Top or near top is 

optimum. 




Steep slope 

Accelerated flow at top of hill. 
Slope steep enough to cause 
turbulence at base. Only put 
Wind Turbine at top or near 
top. 




Escarpment 

No accelerated flow. 
Slope too steep, causes 
turbulence at bottom and top 
of hill. Place Wind Turbine 
away from hill. 



figure 3.6 Air fkm over difts having differently sloped faces. 

the new generation of windpumps with hy- 
draulic or pneumatic power transmission. 
These systems have been oeveloped specifi- 
cally to make use of the tops of the hills. 

Site evaluation is less critical in flat 
terrain than in hilly or mountainous terrains, 
where it should be done with great care. If the 



choice of the site for the windpump is not freed 
by distance power transmission, then wind 
speed profiles and turbulence effects have to 
be accepted and taken into account when 
choosing the windpump parameters (tower 
height, rotor area, starting wind speed, for 
example). 
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AVAILABILITY OF WATER 



Section 3.1. briefly discussed the 
matching of the windpump output pattern 
and the water requirement pattern (Figure 
3.2). The water availability pattern should like- 
wise be compared in the same way with the 
output and requirement patterns. 

It is clear that water availability in- 
fluences the windpump output since the out- 
put is directly dependent on the pumping head 
(Section 2.2.1). 

The water resource can be divided into two 
main categories: 

■ surface water, (river, lake, pond, tank or canal) 

■ ground water (tube well or dug well) 

3.4.1 Surface water 

Even though the supply of surface 
water is generally not the limiting factor, the 
fluctuations in the water level should be inves- 
tigated thoroughly. The pumps can be placed 
either under or above the surface water level. 
In the latter case, the suction head should not 
be more than six metres even though the total 
pumping head can be up to 100 metres or even 
more. 

Surface water tends to correlate 
reasonably well with the rainfall in the catch- 
ment area. If the catchment region can be 
found by studying the upstream characteris- 
tics, then the water flow in the river can be rela- 
ted to the rainfall data from a nearby meteoro- 
logical station. 

This is similar to relating the wind 
speed on site with the long-term data from a 
nearby station. For small streams, the water 
flow can be found using measuring weirs, that 
is, an overflow structure built across the stream. 
The discharge of the stream concerned can 
then be determined in relation to the depth of 
the water flowing over the weir crest (see for 



instance Stern 1984). The water flow in large 
rivers can be measured using a flow meter (see 
standard texts on hydrology). 

3.4.2 Ground water 

When the water source is ground 
water that is extracted from a deep well or a 
shallow hand dug well, the draw down and 
specific capacity of the well should be investi- 
gated. Fluctuations in the water level due to 
seasonal influences should be studied, but with 
deep well aquifers these rarely correlate with 
the rainfall of the region. 

The importance of seasonal and an- 
nual changes should not be underestimated. In 
Gujurat, India, the water level of tube wells 
throughout the region dropped from 30 m 
(1986) to 130 m (1989) during three years 
of drought Any windpump irrigation pro- 
gramme would have to be abandoned under 
these circumstances. 

3.4.3 Well yield 

In deep wells with small diameters, 
the transmissivity (product of permeability and 
thickness) of the water-bearing layer (aquifer) 
should be relatively high compared with 
a large diameter shallow open well. In case of 
relatively thick aquifers, the well yield can be 
increased by deepening the well. Another ad- 
vantage of large diameter dug wells is their in- 
ternal storage capacity. 

If no data on the well performance 
are available, pumping tests should be conduc- 
ted before windpumps are installed on wells. 
Appendix 1 provides some methods fortesting 
large diameter wells. 

Refer to Kruseman and De Ridder (1976) for 
pumping tests both on small and large diame- 
ter wells. 



The maximum capacity of a wind- 
pump should be less than the minimum yield 
of the well to prevent the well from drying up. 
Without the lubricating and cooling effect of 
the water the moving parts of the pump will 
wear out quickly. Windpumps are well 
adapted to wells with relatively low re-charge 
capacities. Diesel driven pumps have higher 
pumping rates and can, in some cases, pump 
only for a few hours before the well falls dry. 
A windpump on the other hand, pumps at a 
low rate for much longer. 

3.4.4 Total pumping head 

The total pumping head for irriga- 
tion purposes should generally not surpass 
10-20 metres. Otherwise, the price of the 
water would be too high to make crop growing 
profitable. There are exceptions, however. 



FINAL COMMENTS 



This chapter has outlined the re- 
quirements for wind and water data needed to 
judge the merits of a proposed windpump pro- 
ject The wind speed and the water resource 
have both been assessed. It is now possible to 
calculate the approximate size of windpump 
required and to determine whether a more 
detailed study is necessary. 

The next chapter describes ways in 
which the irrigation requirement can be esti- 
mated, and the size of windpump needed to 
supply this water. 



Market-oriented vegetable cultivation, for 
instance, permits higher pumping costs. When 
the water is used for domesticwatersupply,the 
total pumping head can be much higher (even 
more than 100 m). 

3.4.5 Water quality 

The quality ofthe water must also be 
examined carefully, not only in relation to crop 
growth but also in regard to the danger of 
damaging the piston pump and thus shorten- 
ing the lifetime ofthe equipment This danger 
also exists when water with a lot of sediment 
especially sand, is pumped. 

Afilterfitted to the end ofthe suction 
pipe prevents damage. Acidity can corrode 
pump parts, and serious corrosion can be ex- 
pected if acidity is high (pH below 6). 



Zke command area of a windpump 



The area which can be irrigated with 
a windpump is called the command area Di- 
verse local conditions and various sizes of 
windpumps result in different command areas. 
An approximation of the command area of a 
windpump is based on average monthly data 



IRRIGATION REQUIREMENTS 



The first step is to determine the irri- 
gation requirement per unit area of the 
farmer's land. The critical months during the 
different agricultural seasons should then be 
found and used to determine the command 
area. 



The Gross Irrigation Requirement (GIR) is the 
amount of irrigation water required to irrigate 
one hectare. It can be calculated with the 
formula 

GIR m = 10 (KcET °" Re ) (mVha/month) (4.1) 
e 

where: 

GIR m =gross irrigation requirement for month 

m (m 3 /ha/month) 
m = month number (-) 
Kc — crop coefficient (-) 
ET = reference evapotranspiration 

(mm/month) 
Re = effective rainfall (mm/month) 
e = irrigation efficiency (-) 



4.1.1 Crop Coefficient 

The crop coefficient Kc is specific to 
the crop grown and the development stage of 
the crop. Appendix 2 presents the Kc values for 
some major crops. The appropriate Kc value 
can be chosen for a specific crop in a specific 
month. If several crops are grown during one 
month, the weighted average value of the dif- 
ferent Kc factors can be used. 



regarding the output of the windpump and the 
irrigation requirements of the crops to be 
grown.This Chapterdescribesthe dataand the 
methodology required in orderto calculate the 
command area, and also looks at other factors 
that influence the command area. 



4.12 Reference Evapotranspiration 

The reference evapotranspiration 
ET is defined as "the rate of evapotranspira- 
tion from an extended surface of green grass 
cover of uniform height (8-15 cm), actively 
growing completely shading the ground and 
not short of water". Several methods are availa- 
ble to calculate ETq. Most of these methods can 
be found in the FAO Irrigation and Drainage 
Paper No. 24 "Crop water requirements" 
(Doorenbos and Pruitt 1977). 

In addition to mean wind speed for 
the period concerned, these methods require 
mean relative humidity, mean net radiation (or 
mean cloud cover), and mean temperature (or 
mean maximum and minimum temperature). 
Often not all these data are available and the 
calculation method is not that simple. 

A simpler approach is to collect eva- 
poration data from the same meteorological 
station that supplied the wind data. Most 
meteorological stations measure evaporation 
data by means of an open pan. 



The reference evapotranspiration can then be 

calculated with the formula: 

ET =Kp.Epan (4.2) 

where: 

ET = reference evapotranspiration 

(mm/month) 
Kp = pan factor (-) 
Epan = pan evaporation (mm/month) 



(Note: For feasibility studies, it is usually suffi- 
cient to use the monthly values. For studies 
pertaining to irrigation operation, the period of 
a decade is often used.) 

The value of the pan factor Kp varies 
forthe differenttype of pan (diameter, distance 
above ground, etc); forthe same type of pan, it 
varies with regard to the relative humidity of 
the air, the wind speed, and the location of the 
pan in relation to the crops and vegetation. 
The most commonly-used pan is the so-called 
American Class A type evaporation pan. The 
Kp for different pans are given in Appendix 2. 

4.1.3 Effective rainfall 

The amount of rainfall that can be 
used effectively by the crops (Re) depends on 
local circumstances such as rainfall amount, 
rain intensity, soil type, soil depth, cropping 
pattern, agricultural practices, infiltration rate, 
etc If there is a distinct season with reliable 
rains, most of the rainfall can be used 
effectively; if rainfall is erratic throughout the 
year, only a small part of it should be taken into 
account when calculating the command area 

The amount of effective rainfall dur- 
ing the rainy season was estimated at 75% of 
the total amount for windpump projects in 
India and Sri Lanka. But on the Cape Verde 
Islands, where rainfall comes in short heavy 
showers if at all, no effective rainfall was 
taken into consideration when calculating the 
command area. 

Data on rainfall can be collected 
from the same meteorological station where 
the wind data and evaporation data were 
collected. 



4.1.4 Irrigation efficiency 

The irrigation efficiency e is that part 
of the total amount of water available for irriga- 
tion that actually reaches the plant The overall 
efficiency in windpump irrigation is rather high, 
since only small (less than 10 hectares) and 
nearby acreages are supplied with water. 

Assumptions on windpump irriga- 
tion efficiency vary from 0.60 to 0.75 (Van 
Veldhuizen 1981, Goedhart 1982). Losses oc- 
cur during the conveyance to the field and ap- 
plication there. Conveyance losses during the 
transport of the water from the windpump to 
the fields are due mainly to seepage. 

They are determined chiefly by soil 
type, the distance to the fields, and the kind 
and quality of the channels. If the fields are far 
away and water has to be transported on 
percolating soils (for example sandy loam), 
consideration can be given to lining of the 
channels but this approach is generally too ex- 
pensive for the farmers. Proper maintenance of 
the channels can also reduce these losses. 
The main losses from irrigation water occur on 
the fields, for example, run-off from the field 
and percolation of water below the reach of 
the plant roots. 

The differences in field application 
efficiency are relatively minor with the 
methods commonly used in windpump irri- 
gation: furrow, border and basin. (Bos 1980). 
In some areas, leaching water is required in ad- 
dition to the amount of water needed for 
crops. Leaching is used to keep the soil from be- 
coming saline, a condition caused by dissolved 
salts in the irrigation water applied or salts al- 
ready present in the soil. 
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CALCULATING THE COAAAAAND AREA 



The monthly command areas can 
be calculated and the critical command areas 
determined, once the required data has been 
compiled. 



The average command area of a windpump 
for a specific month can be calculated with the 
following formula. 

<^ m = Q ™ e JL(ha) (4.3) 
GIRm 

where: 

CA m = command area for month m (ha) 
Q m e ff = effective output of the windpump for 

month m (mVmonth) 
GIR m = gross irrigation requirement for 

month m (m 3 /ha/month) 



The effective output of the windpump Q m e ff 
can be calculated with a formula similar to 
Formula 2.5 (Section 2.2), which has been 
adapted for the month and effectiveness. 

V 3 D 2 

Qm eff = 30 x 0.8 x 0.69 (mVmonth) 

H 

where symbols are same as previously defined 
(see also Chapter 2). 



It can be seen that the month is 
taken as 30 days, and it is assumed that 0.8, or 
80%, of the windpump's output can be used 
effectively for irrigation. This reduction is 
caused by the variability of the windpump out- 
put This reduction can be decreased by in- 
creasing the available water storage. For a 
detailed description of this reduction, see the 
next chapter. 



Example 4.1 - Trichy, India 

The prospects of small and marginal 
farmers using windpumps for irrigation were 
investigated in Trichy District, Tamil Nadu, in 
the South of India (Goedhart 1982). 

The monthly output was calculated 
on the basis of the average monthly wind 
speed data, and assumed a pumping head of 
seven metres for a wind pump with a rotor dia- 
meter of 3.5 metres. The crop factors of the 
common cropping pattern were used to calcu- 
late the gross irrigation requirements. 

They consisted of paddy cultivation 
during the rainy season, maize and chillies dur- 
ing winter, and chillies and groundnuts during 
the summer (see Table 4.1). 

The pan evaporation data of the 
meteorological station were multiplied by a 
pan factor of 0.8. It was assumed that 75% of 
the rainfall could be used effectively duringthe 
rainy season and that the overall irrigation effi- 
ciency was 0.75. 

The command area of the wind- 
pump for each season is determined by the 
months calculated to have the smallest com- 
mand area. This resulted in the following sea- 
sonal command areas (see Table 4.2). 

Since the average landholding of 
small farmers in the Trichy District is 0.7 ha, it 
can be concluded from Table 4.2 that the 
windpump gives sufficient water during the 
rainy season and almost sufficient water during 
summer. 

During the traditionally main agri- 
cultural season in winter, however, only a part 
of the landholding can be irrigated. 
Several solutionsforthis problem are discussed 
in Chapter 5. 



Table 4.1 Estimated monthly command areas (ha) of a windpump (rotor diameter 3.5 m) in Trichy, India (Coedhart 1982). 



Season 



rainy season 



winter 



summer 



Crops paddy 


maize and chillies 


chillies and groundnuts 


Months Oct Nov Dec Jan 


Feb Mar Apr May 


Jun Jul Aug Sep 


Q e if (m 3 /month) 






CIR (m 3 /month/ha) 






Ca(ha) 






Critical months X 


X X 


XXX 


Table 4.2 Seasonal command areas of a windpump in Trichy 






Season 


Command area (ha) 




Rainy season 


0.9 




Winter 


0.3 




Summer 


0.6 





Example 42 - Cape Verde 

In the Cape Verde islands, by con- 
trast, no distinct irrigation season exists. 
Farmers cultivate their lands throughout the 
year with all kinds of vegetables in a mixed 
cropping pattern. This involves a different me- 
thod of calculating the command area. 

The average monthly command 
areas were calculated for a windpump (rotor 
diameter of 5 m), a pumping head of 25 m, an 
average crop factor of 0.75, and an irrigation 
efficiency, including leaching requirements of 
60% (Van Dijk 1984). The output of the wind- 



pump and the gross irrigation requirement are 
based on loca'iy measured data of wind speed 
and evapotranspiration. Table 4.3 shows the 
results. 

To allow for this variable pattern of 
command areas, the farmers have developed a 
cropping system that enables them to adapt 
the average area under vegetables to the va- 
rying output of the windpump. They do so by 
having about 80% of the average command 
area under cultivation with very productive 
vegetables. The surplus irrigation water is used 
from time to time to irrigate the area being cul- 



Table 4.3 Command area (ha) of a windpump (rotor diameter 5 m) on the Cape Verdian Islands 



Months 


J 


F 


M 


A 


M 


J 


J 


A 


S 


O 


N 


D 


Qeff(m 3 /day) 


42 


52 


50 


46 


54 


35 


50 


42 


49 


70 


32 


40 


CIR(m 3 /ha/day) 


50 


55 


70 


70 


70 


55 


60 


60 


65 


55 


60 


60 


CA(ha) 


0.8 


0.9 


0.7 


0.7 


0.8 


0.6 


0.8 


0.7 


0.8 


1.3 


0.5 


0.7 



Note: average command area equals 0. 7 ha. 



tivated with drought-resistant crops. Hence, 
there is not one specific "critical" month that 
determines the command area; but rather the 
average annual command area is used. 

From these two case studies one can 
see that the way in which the calculated 
monthly command areas must be interpreted 



depends on the local climate and agricultural 
practices. When distinct seasonal cropping 
patterns occur, the critical month of each 
season determines the command area. When 
a more continuous cropping pattern exists 
without any clear distinction between seasons, 
the average command area can be used. 



THE INFLUENCE OF INTER-ANNUAL VARIATIONS IN CLIMATE 



Probability analysis is used in irriga- 
tion project planning to deal with inter-annual 
variations of different design factors. The water 
available to the farmers can be predicted bet- 
ter on the basis of such an analysis. In calcula- 
ting the command area of a wind pump three 
factors with inter-annual variations are used: 
wind speed, evapotranspiration, and rainfall. 

The knowledge about the correla- 
tions of the inter-annual variability of these 
factors is still limited. It is generally believed that 
these factors do not vary in a systematically re- 
lated way within the complex of the (tropical) 
climatological system. On the other hand, 
some relationship was found between 
variations in wind speed and rainfall in 
Mozambique (Hassing and Van Meel 1984). 

With respect to annual variations in 
wind speeds in tropical areas, two regions can 
be distinguished: the monsoon-type regions 
and those with trade winds. Regions with a 
monsoon-type dimate include India, Pakistan, 
Southeast Asia and Australia In these places, 



the annual variations in wind speeds are sub- 
stantial. In regions with a trade wind climate, 
the annual variations in wind speed are rela- 
tively small. No general statements can be 
made about the range of inter-annual vari- 
ations in wind speed in other tropical regions. 

For a proper application of a proba- 
bility analysis, long term records should be 
available. The observation period must be long 
enough to be representative for the annual va- 
riations. For tropical climates such a period will 
be in the order of 10 to 1 5 years or longer. Un- 
fortunately at most locations reliable data of 
wind speed, rainfall and evaporation over such 
a period are not available. 

When windpumps are used for irri- 
gation the common probability analysis in irri- 
gation engineering can work. Briefly, this 
means that, when a set of reliable data on wind 
speed, evaporation and rainfall is available, a 
probability of occurrence of 75% or 80% is 
used to calculate the command area (Van Vils- 
teren 1981). 



FACTORS INFLUENCING THE COMMAND AREA 



When the water supply of the wind- 
pump does not correspond with the water 
demand of the cropping system, there are pos- 
sibilities to influence both the supply and de- 
mand patterns. The supply pattern of a specific 
windpump can be influenced by changing the 



design wind speed of the windpump, the sto- 
rage tank capacity (see Chapter 5) and, in some 
cases, the capacity of the well. 

The demand pattern can be influen- 
ced by changes in the cropping system or the 
irrigation efficiency. 



4.4.1 The design wind speed 

The total amount of water and the 
output pattern can be influenced by changing 
the design wind speed Vd of the windpump. 
A change in the design wind speed is achieved 
by changing either the pump stroke or the dia- 
meterof the pump, that is, the volume pumped 
by each stroke. Since more power is required, 
the windpump will start working at a higher 
wind speed and reach its maximum efficiency 
at a higher wind speed. The overall effect of 
the increase in the design wind speed will be a 
larger output, but a different pattern of availa- 
bility. With very high design wind speeds, the 
starting wind speed will be so high that the 
windpump works only during short periods 
and, consequently, the total output decreases. 

As the design speed increases, so 
does overall output - to a certain point The 



availability decreases as low wind speeds are 
no longer utilised. Tables 4.4 and 4.5 illustrate 
the result of changing the design wind speed. 

As shown in Table 4.5, the output in- 
creased between Vd = 3m/s and 4.5m/s, but 
the availability dropped (not shown). This is 
because the windpump was making more 
effective use of high winds but not using the 
low winds. If the design wind speed is taken too 
high, the overall output even decreases. For 
design purposes, an availability of 50% to 60% 
is usually acceptable. 

The change in the supply time and 
output also influences the output pattern. 
Figure 4.1 (same example as Table 4.4) shows 
the increase in daily output variability due to an 
increase of the Vd . 



Table 4.4 The influence of V<j on the supply time of the windpump (Van Meet 1P84). 



Windpump: Diameter rotor = 2.74 m, 

Wind regime: average annual wind speed = 2 m/s, Weibull factor k = 2 



Vd (m/s) Supply time (%) 

2 78% 

3 53% 

4 36% 

5 18% 



Table 4.5 The influence of Va on the output of the windpump (site: Hambantota, Sri Lanka) 
Windpump: Diameter rotor = 3 m 

Wind regime: average annual windspeed = 2 m/s; Weibull factor k = 2. 
Month: March. 

V d (m/s) Output (m 3 /month) 

3 600 

4.5 786 

6 803 

7.5 613 
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In this example, the increased varia- 
bility in output considerably decreased the 
possibilities for farmers to use the water effec- 
tively (Van Dijk 1984b). Since only small 
storage tanks were in use, there was no way 
large amounts of water could be stored during 
the short periods with high outputs. 

In this case, the optimal design wind 
speed of a windpump was equal to the average 
annual wind speed. Whether or not a higher 
design wind speed, that results in a greater but 
also more variable output, can increase the 
command area depends largely on the possibi- 
lities for storing large quantities of water during 
short periods. 



In practice, this means that large 
low-cost storage tanks must be available. 
In addition, one should keep in mind that a sig- 
nificant increase in the design wind speed also 
increases the wear and the tear on the wind- 
pump. This could shorten the technical life 
cycle and necessitate more maintenance and 
repair. 

4.4.2 The storage tank capacity 
A change in the storage tank capacity can in- 
fluence the possibilitiesforusingthe output of a 
windpump. If no storage tank is used, then 
generally only about 40% of the output can be 
effectively utilised. When very large storage 
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Figure 4.1 The influence of the design wind speed on the output pattern of a windpump (rotor diameter —3 m) 
at Hambantota, Sri Lanka (March 7975 data). 
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tanks are available, the total output of the 
windpump can be used. The increase in effec- 
tive use will of course increase the command 
area. The choice of storage tank capacity is di- 
rectly related to the water management pro- 
blems and economic considerations and will 
be discussed in detail in the subsequent chap- 
ters 5 and 6. 

4.43 The capacity of the water source 

Sometimes it is not only the wind re- 
gime which determines the output of the 
windpump but also the water source. Espe- 
cially during periods with high wind speeds the 
recharge capacity of the water source can be a 
limiting factor. In case of an open shallow well 
the water table can drop below the bottom of 
the well during the dry season. 
An example of how well yield influenced the 
output of the windpump in Trichy, South India 
is shown in Table 4.6 (Goedhart 1982). 

As can be seen the windpump out- 
put was determined by the yield of the well du- 
ring four months of the year (May-August). 

4.4.4 The cropping system 

A change in the cropping system al- 
ters the demand for irrigation water. 
Theoretically, the water demand pattern can 
be adapted to a large extent to the water sup- 
ply pattern of the windpump. This increases 



the effective use of the windpump's output 
and, with it, the size of the command area. The 
cropping system could be changed by altering 
the type of crops grown, a shift of the period 
during which crops are grown and/or the 
acreage under cultivation. 

The type of crops grown determines 
the water requirement For instance, if only 
chillies had been grown during the winter sea- 
son in Trichy (India) instead of two crops, 
maize and chillies, the command area of the 
wind pump would increase from 0.3 ha to 0.5 
ha (Goedhart 1982). 

Since the water requirement for 
crops depends on the crop development stage, 
a change in the timing of cultivation also in- 
fluences the command area. If properly 
planned, the peak water requirements during 
the crop's growing season could coincide with 
periods of high wind speeds, while low water 
requirements during the early stage, would 
occur during periods of low wind speeds. 
Similarly, the windpump could be used to wa- 
ter the seedlings, giving the crop an early start 
The finished crop could be entirely rain-fed. 

Finally, the water requirement for a 
cropping system can be adapted by changing 
the acreage under cultivation; a larger area un- 
der cultivation during the months with high 
wind speeds and a smaller area with crops dur- 
ing the months with low wind speeds. 



Table 4.6. The influence of the maximum well yield on the output of the windpump (m 3 /month), Trichy district, India 

(Goedhart 1982). 

Windpump: Rotor diameter —5m 



Month Jan Feb Mar Apr May Jim Jul Aug Sep Oct Nov Dec 



Possible output 

windpump 1935 1460 930 920 1940 3160 3410 3305 1740 1095 940 2240 

Maximum well 

yield 4440 4440 3500 2560 1620 1620 1620 1620 1850 2560 3500 4400 

Actual output 

windpump 1935 1460 930 920 1620 1620 1620 1620 1740 1095 940 2240 



In many cases, however, the actual 
opportunities for realizing these changes are 
limited. Existing cropping systems are part of 
the farming system and the result of the far- 
mer's experiences in the past and expectations 



FINAL COMMENTS 



This chapter has shown how the 
gross irrigation requirement of a unit area of 
farmed land can be found using standard 
dimatic and crop data. It then illustrated with 
examples how the monthly output of a wind- 
pump could be related to the GIRto provide an 
estimated command area. 

This command area is considered to 
be that area of land which can be irrigated by a 
windpump under a specific set of conditions. 
Inter-annual variations in the data set 
introduce a probability, which was given as 
approximating a 75%-80% likelihood of oc- 
currence. 

Some factors were then introduced 
which can be changed to increase or decrease 
the command area for a particular windpump. 
Among them were the design wind speed, the 
storage tank capacity, the water resource capa- 
city, and the cropping system. 

This type of general calculation of 
the command area is suitable for a pre-feasibi- 
lity study. The next chapter expands this 
seasonal calculation of command area to in- 
clude fluctuations in the daily and monthly 
wind regimes. The possibility of storage tanks is 
introduced along with their sizing with respect 
to a more detailed output model of the wind- 
pump. Enough detail is provided to validate a 
feasibility study. 



for the future. Changes in the cropping system 
likewise have an impact on other activities in 
the household. In general, wind p umps should 
fit into existing crop ping p atterns rather than 
being based on piansfor completely new ones. 



Water management and windpump irrigation with 
special reference to storage tank capacity 



Chapter 4 discussed calculating the 
command area on the basis of average yearly 
and monthly wind speed data. The discussion 
included problems related to variations in 
wind speed throughout the year. 

In practice, however, short-term 
fluctuations in wind speed complicate water 
management practices for the farmer and 
strongly influence the size of the actual area 
that can be irrigated by a windpump. This 
chapter deals with the problems related to 



day-to-day and hour-to-hour fluctuations in 
wind speed, and thus to windpump output 
Information is also supplied to help the farmer 
make optimal use of the water pumped. 

One of the more common ways of 
integrating - or expanding - storage capacity in 
the windpump irrigation system is explained in 
detail, and selected case studies present some 
simple rules for storage sizing To complete 
the chapter, various methods of constructing 
storage tanks are presented in Appendix 3. 



IRRIGATION WITHOUT STORAGE TANKS 



Ideally the water pumped by a wind- 
pump should be used for irrigating the fields 
directly as is usually the case with other water 
lifting devices. In the case of windpumps, this 
can be done in two situations: 

■ A farm has a large pump capacity (a large 
windpump) with respect to the command 
area 

■ A substantial part of the command area is 
used for rice production. 

5.1.1 A windpump with a large capacity 

The windpump is used in the same 
way as a fuel pump: that is, the farmer, who can 
use the windpump output directly, runs the 
windpump just long enough to satisfy the wa- 
ter requirements of his crops. 

The windpump can only be used in 
this way in a region with a reasonably reliable 
wind regime. In addition, the farmer must have 
certain water management skills and 
experience with respect to irrigation. Some ob- 
jections can be raised to this system: 

■ A farmer can never guarantee that he can 
irrigate on a particular day, so windpump-irri- 
gation might be rather irregular and possibly 
inconvenient for the farmer. 

■ To maximize the use of the potential water 



output, a farmer would have to irrigate day 
and night, if he had no buffer. Generally 
farmers have more activities and are either 
unable or unwilling to irrigate at night 
i They prefer to irrigate with a constant flow, 
usually Z to 10 l/s or even more. Note, a typi- 
cal output i r om say a 5 m diameter rotor 
windpump wit, ^ ahead of 10 m is in the order 
of 2 to 3 l/s. 

A larger flow can be achieved by creating 
some kind of buffer. 

i If the flow varies, it is difficult to estimate the 
irrigation application on a certain plot This 
leads to either waterlogging or water shor- 
tage, which could in turn result in loss of crop 
yield. 

■ Varying flow complicates management 

■ Irrigation is generally less efficient when a 
small and varying flow is used for irrigation. 
Consequently, distribution of water on the 
fields is unequal, percolation losses are exces- 
sive at one location while a water shortage 
occurs elsewhere. Especially when earthen 
distribution channels are used, a small and 
varying flow results also in a low conveyance 
efficiency. (A low field application efficiency). 

■ Channel design is more complicated when 
variations in water flow occur. 



5.1.2 Rice production 

If a farmer grows rice on a substantial 
part of his command area, the paddy fields can 
to a certain extent be used for storage. Small 
fluctuations in the water level in the paddy 
fields do not influence total rice production. So 
the windpump can be used more efficiently by 
conveying the output (day and night) to the 
paddy fields. 

Such a system can work semi-auto- 
mab'cally if the dikes around the paddy fields 
are provided with overflow structures. 

During the daytime the farmer can 
irrigate his other crops, either directly with the 
windpump, or by taking water from his paddy 
fields. In the latter case, simple adjustable over- 
flow weirs can be installed. Figure 5.1 presents a 
possible lay-out for such a system. 
Some problems may arise with such a system, 
however 

■ During periods of preparing the land and 
transplanting, large quantities of water are 
needed for puddling. Since the windpump 
can not deliver so much water at one time, 
only small fields can be constructed, in com- 
bination with a careful recycling of water. 
These small fields are a disadvantage if ani- 



mal-drawn or mechanized land preparation 
methods are considered. 

■ rice is not as high a value crop as vegetables. If 
pumping heads are rather high (10-20 m), 
rice production is generally not economically 
feasible, given the high investment costs of a 
windpump. 

5.1.3 Preliminary comments 

Although systems without storage 
are feasible under certain conditions, it is 
shown thatforoptimum use of potential water, 
as well as farm labour, a buffer should be intro- 
duced to the irrigation system to contain the 
windpump output The buffer need not be a 
constructed tank, as in the case of irrigated rice, 
although in most circumstances it is preferable. 
Reasonable storage would: 

■ use the potential windpump output more ef- 
ficiently and thus realize higher agricultural 
benefits. 

■ make it more convenient for farmers to 
handle and operate the system. 

Storage tanks are expensive, however, and 
they must therefore be planned carefully. 
The next sections will discuss optimum storage 
tank capacity. 




ables 



}C overflow structures 
mm irrigation channel 



Figure 5.1 General lay-out of a windpump irrigation system where paddy fields are used for water storage. 



IRRIGATION WITH STORAGE TANKS 



Five factors are useful in determining 
storage tank capacity: 

■ Short-term fluctuations in windpump out- 
put 

■ Daily fluctuations in windpump output 

■ Nightly output of a windpump. 

■ Monthly fluctuations in windpump output 

■ Acceptable water deficit risks. 

5.2.1 Short-term fluctuations in windpump 
output (fluctuations within a day) 

Short-term fluctuations refer to the 
minute-to-minute and hourly fluctuations of 
the volume of pumped water. 

Minute by minute: For the reasons 
cited above, such as optimum channel flow, 
use of labour, and control of the amount of 
water used, a system of direct application is 
strongly affected by minute by minute fluctua- 
tions. Even if there is no need to utilise water 
pumped at night, a tank with a capacity of 
10%-20% of the daily output will assist 
the application and therefore the efficiency of 
the system. 



Hour by hour: Wind speed fluctua- 
tions throughout a day can be rather strong. 
Generally, a wind regime and the correspon- 
ding windpump output show a certain daily 
pattern (Figure 5.2). 

5.2.2 Nightly output of windpump 

In order not to lose the potential out- 
put at night, it is logical to build a storage tank 
with a capacity of at least the nightly output of 
the windpump. 

In many wind regimes, night-time 
wind speeds are somewhat lower than those 
during daytime, and the corresponding wind- 
pump outputat night (18.00 pm. to 6.00 am.) is 
in the order of 1/3 of the total daily output 
Even so, it must be remembered that the daily 
output itself is highly variable. 

For example, with the Hambantota 
(Sri Lanka) wind regin e it was found that if the 
storage tank had a capacity of 50% of the ave- 
rage daily output (about 35 m 3 ), the total 
nightly output could be stored for nine out of 
10 nights. 
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Figure 52 Hourly wind speed data at Praia airport (Cape Verde) on 08. 11. 1978 and calculated windpump output for a 5.00 m 
rotor diameter windpump and 25 m water lifting head (Pieterse 1982). 
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523 Fluctuations in windpump output from 
day to day 

Even with a command area that is 
well-adjusted to the average windpump out- 
put in a certain month, the day-to-day fluctua- 
tions may cause farmers some problems. 

The fluctuations in output are 
illustrated in Table 5.1 and Table 5.2. Table 5.1 
illustrates that windpump output varies from 
almost zero to 2.5 times the average daily 
output Table 52 shows the differences in out- 
put distributions that occur from month to 
month, for example, May and August have a 
more uniform output pattern than February 
and November. 

An 80% probability of occurrence 
m^ans that on 80% of the days the output of 
the windpump will at least match the quantity 
indicated in the Table. 

In order to show how the wind va- 
ries, Table 53 compares the trade wind regime 
(Cape Verde Islands) with that of Sri Lanka's 
wind regime with respect to the occurrence of 
windless days (a windless day is defined as a 
day with a wind speed lower than two thirds 
the annual mean wind speed) and windless 
periods (a windless period is one or more 
consecutive windless days). 

Water management will be hampered when: 

■ days with almost no output alternate with 
days of one or two times the average daily 
output 

■ windless periods of 3 to 4 days occur. 

It can be seen that the Sri Lanka wind 
regime has more prolonged windless periods 
than does that of Cape Verde and might there- 
fore be more difficult for a farmer to handle. It is 
reasonable to expect that, for optimum use of 
the water, the farmer in Sri Lanka requires a 
much larger storage tank than his Cape Verde 
counterpart (See section 5.4). 



Table 5.1 Calculated output of a 5.00 m rotor diameter 
windpump (25 m pumping head) during the month of 
March 1978 for an inland location on Sri Lanka 
(Van Dijk 1984). 



Day V m/s Output (m 3 /day) 



1 


3.59 


43 


2 


3.58 


51 


3 


2.81 


23 


4 


2.07 


5 


5 


2.77 


20 


6 


3.43 


37 


7 


4.16 


26 


8 


2.22 


13 


9 


2.19 


19 


10 


2.21 


8 


11 


2.37 


16 


12 


1.94 


7 


13 


3.17 


31 


14 


4.67 


73 


15 


4.16 


61 


16 


3.79 


59 


17 


4.20 


56 


18 


2.95 


31 


19 


3.38 


46 


20 


2.58 


16 


21 


2.74 


15 


22 


3.56 


23 


23 


3.42 


39 


24 


ISO 


2 


25 


2.14 


16 


26 


3.16 


37 


27 


2.26 


10 


28 


2.64 


28 


29 


2.41 


19 


30 


3.14 


27 


31 


3.58 


19 



Average 3.01 28 

Note: Calculations carried out using hourly 
wind speed daU 



Table 5.2 Distribution of the daily output of a 5.00 m diameter rotor windpump in Hambantota, 
Sri Lanka (1975-1976). 
Output in nr/day. 

Probability 



of occurrence 


90% 


80% 


70% 


60% 


50%*) 


40% 


30% 


20% 


10% 


February 


23 


38 


51 


58 


63 


73 


76 


85 


96 


May 


65 


79 


91 


96 


103 


112 


123 


130 


138 


August 


68 


77 


84 


89 


92 


95 


100 


110 


118 


November 


10 


18 


21 


31 


39 


45 


53 


57 


80 



*) median daily outputs. 

Table 53 Occurrence of windless periods in two different wind regimes 



Number of 
windless days 
per year 



Number of 
windless periods 
per year 



Average 
duration of 
periods (days) 



Weibull 
factor 



Sri Lanka 
Cape Verde 



68 
47 



21 
26 



3.2 
1.8 



1.79 
3.00 



Note: Weibull factor 1 indicates strongly variable wind speeds, while a factor 4 indicates very contant wind speeds. 



52.4 Total water management for the day-to- 
day fluctuations 

Before going on to indicate the size 
of storage capacity needed for reasonable wa- 
ter management, it is important to note that 
storage is only one method of tackling the 
problems of windless periods. There are va- 
rious measures a farmer can take to facilitate 
water management with respect to the day-to- 
day fluctuations in windpump output These 
measures fall into four categories: 

■ Increasing storage tank capacity in prepara- 
tion for windless periods On addition to the 
capacity already installed to overcome short- 
term fluctuation problems). The total storage 
tank capacity required will then be in the or- 
der of one to four times average daily wind- 
pump output 

■ Reducing the cultivated area to only a 
"secure" area In this way the windpump is 
under-exploited. 



■ Growing a variety of different crops with dif- 
ferent planting and sowing dates and 
different growing periods. In case of water 
shortages, the water can be used for the more 
sensitive crops, thus diminishing yield reduc- 
tions (risk spreading). 

■ Cultivating an area smaller than the com- 
mand area with high value crops and using 
the excess of waterfor more drought resistant 
crops such as sweet potatoes, sugar cane, or 
fodder. This is an extension of the latter two 
categories. 

■ More experienced farmers vary the amount 
of irrigation and the intervals in order to use 
the soil for water storage (advance irrigation). 

5.2.5 Fluctuations in windpump output from 
month to month 

As discussed in Chapter 4, experienced farmers 
can adapt their cropping patterns or cultivated 
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area to the variations in output from month to 
month. The extent in which this can be done, 
however, depends on the type of crops that 
can be grown in the region with respect to cli- 
mate, soil, the flexibility of the farming system, 
and market possibilities. 



Other solutions include adjusting 
the design wind speed to periodical wind 
speed fluctuations. In practice, hov /ever, this 
solution is too theoretical and there are only a 
few windpumps that could implement such an 
idea. 



CALCULATION OF THE REQUIRED STORAGE TANK CAPACITY 



Rather than attempt to deal with all 
possible cases of windpump size, farm size, irri- 
gation patterns, etc, this section presents the 
results of two case studies including 4 cases. 
As will be shown, these cases offer conclusions 
that apply to most irrigation projects using 
windpumps. 

For convenience of calculation, a 
computer model has been developed to eva- 
luate the relationship between storage tank 
capacity and windpump exploitation factor 
(fwe ) gi ven a set of water deficit criteria (Van 
Veldhuizen 1982a, Van Dijk 1984a). (The 
model can be obtained through ILRI). 

The factor f we indicates the potential wind- 
pump output which can be used by the farmer; 
this is equal to the Gross Irrigation Require- 
ment divided by the average windpump out- 
put: 

GIR a 



f, 



we 



Qday 



(5.1) 



where: 



f we = windpump exploitation factor (-) 
GIR a = gross irrigation requirement (average 

day) for the area served by the wind 

pump (rnVday) 
Qday = windpump output (mVday) 

Note that here GIR a is not the gross irrigation 
requirement per ha, but the gross irrigation re- 
quirement for the area served by the wind- 
pump. Both GIR a and Qd ay are average values 



over the irrigation period considered. In the 
cases discussed below is this one year or mul- 
tiples of one year. The parameter f we has a 
direct impact on the required storage tank 
capacity as will be shown later. 

5.3.1 The computer calculation model 

Generally speaking the calculation 
model transforms hourly wind speed data, col- 
lected over a period of one or more years, into 
hourly windpump output figures. These figures 
are subsequently compared with the hourly 
water demands of an irrigated farm. There is no 
water demand during the night, and the pre- 
dicted output is either stored in a tank or lost if 
the tank is already full. 

If the daily water requirements for ir- 
rigation are met during the day, any water in 
excess of these requirements is either stored in 
a tank or lost if the tank happens to be full. But if 
the farmer does not have enough water from 
either the windpump or a tank, a water deficit 
occurs. The extent of this deficit can be cal- 
culated. The calculations are repeated for 
every hour and day and aggregated to find 
daily, monthly, and yearly values. 

The model needs the following input: 

■ Windpump characteristics (for example Vj n , 
Vrated,V ut etc). 

■ Complete data sets of hourly wind speeds for 
one or more irrigation periods (here periods 
of a year have been used). Preferably a long 
span of average monthly wind speed data - 



say five years or more - should be available 
to judge the representativeness of the data 
used in the model. 

■ Site parameters such as pumping head, gross 
irrigation water requirement during the 
course of the year. 

■ Water deficit criteria (see next section). 

The characteristics of the CWD 
5000 Windpump have been used for the cal- 
culation of the different cases discussed in 
section 5.4. The results are valid for other wind- 
pumps that have characteristics more or less 
similar to those of the CWD 5000. This is a 
reasonable assumption given the current 
performance of most commercially available 
machines. Some important specifications of 
the CWD-5000 are: 

■ Rotor diameter 5.00 m 

■ Wind speed at which the rotor 

starts turning out of the wind (V rate d) 9 00 m 

■ Wind speed at which the wind 
pump has completely turned out 

of the wind (V out or V^ing) 12.00 m 

■ Design wind speed for which 
the windpump reaches highest 
efficiency (Vj) 1.0 x V (year) 

532 Water deficit criteria 

To obtain a specific storage tank 
capacity based on the model, certain water 
shortage criteria have to be formulated so the 
seriousness of these water shortages can be de- 
termined. A statement must be made about 
the acceptable frequency of deficits. 



CASE STUDIES 



The model discussed has been used in two 
case studies, consisting of four cases. 



A study executed by Goedhart 
(1985) indicates that given a relatively low 
level of inputs such as fertilizer, insecticides 
and seed quality, a water deficit of 30% on a 
monthly basis and 10% on a yearly basis is 
still acceptable from the standpoint of yield 
reduction in crops and water management 
problems. Such water deficits imply a yield 
reduction of about 5%. Even higher deficits 
with respect to yield reduction could be per- 
mitted, but they should not be planned into 
the water management 

Within the context of water 
management, it has been calculated that a 
10% water deficit on a monthly basis would 
imply less than 75% of the daily water require- 
ments for an average four to five days a month. 
If the monthly water deficit equals 30%, there 
will be about 20 days with less than 75% of the 
water requirement available. 

5.3.3 Results 

The results based on the cases dis- 
cussed in the next section are presented as a 
graph with the windpump exploitation factor 
against the size of the storage tank (see 
Figure 5.3). The ordinate shows the tank size, 
expressed in term; of daily windpump 
capacity, thereby making the results easily 
applicable to different sizes of windpump. The 
abcissa shows the exploitation factor f we . 
The curve indicates the size of tank required 
for a given exploitation factor, which would 
ensure that the water deficit does not drop 
below the water deficit criteria mentioned be- 
fore (accepting yield reductions up to 5%). 



5.4.1 The cases 

Four different cases were studied: 
Case 1 Cape Verde Islands: a farmer has 12 
hours per day available for irrigation. 
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Cape Verde has a rather favourable wind 
regime: for instance, in the valleys of Santiago 
the average annual wind speed is 4.1 m/s while 
the distribution of the hourly wind speeds has 
aWeibullfactorof3.0. 
The calculation is based on the following as- 
sumptions: 

■ Irrigation is a year-round activity. 

■ A variety of crops, mainly vegetables, are 
grown, which gives the farmer the opportu- 
nity to adapt his command area to monthly 
fluctuations in windpump output and thus a 
constant f we factor can be maintained. 

■ There is no effective rainfall. 

Case 2 Cape Verde Islands: the farmer has four 
hours per day available for irrigation. 
The same assumptions were made as 
in Case 1 

Case 3 Sri Lanka: the farmer has twelve hours 
per day for irrigation. 
A study similar to that in the Cape 
Verde Islands has been carried out in 
Sri Lanka with the same assumptions 
as in Case 1, exceptforthe wind regime, 
which is based on the Sri Lanka site. 
The average annual wind speed is 4.4 
m/s and the Weibull factor is 1.79. 
When compared with the Cape Verde 
wind regime, the day-to-day and 
month-to-month fluctuations in the 
wind speed in Sri Lanka are higher (see 
also table 53). 

Case 4 Sri Lanka: the farmer has 12 hours 
per day for irrigation. The same wind 
speed data were used as in Case 3 
The existing Sri Lankan cropping pat- 
terns were used, ratherthan a cropping 
pattern more adapted to the wind- 
pump output, as was the case with the 



Cape Verde cropping pattern. The traditional 
cropping pattern is less flexible with only a few 
different crops, that have fixed sowing and 
harvesting dates (Van Veldhuizen 1981). In 
general such a traditional cropping pattern is 
not well adapted to the variability of the wind- 
pump output 

The results of the case studies are 
summarized in Figure 5.3. The curve drawn for 
each case represents all possible combinations 
of f we and storage capacity that just meet the 
criteria (for example, no water deficit greater 
than a 30% in any one month and none 
greater than 10% for the whole year). In other 
words thegraph indicates the reasonable mini- 
mum required storage capacity for sound 
water management 

5.4.2 Evaluation of the graph 

It should be noted that the storage 
tank capacity has been expressed in "days" in 
order to generalize the results. To determine 
the storage tank capacity in m 3 , the number of 
days must be multiplied by the average daily 
windpump output 

An example will explain the use of thegraph to 
find the required storage tank capacity. 

A Cape Verde farmer in a region 
with an average wind speed of 4 m/s has a 
windpump with a rotor diameter of 5 m. The 
total pumping head is 25 m. His water require- 
ments are 32 rnVday. What will be the mini- 
mum required storage tank capacity underthe 
assumptions that: 

■ The farmer has 12 hours available for irriga- 
tion. 

■ He is able to adjust the cropping pattern to 
the windpump output variations from 
month to month (Case 1). 
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Figure 5.3 The relationship between the windpump operation factor (f we ) and storage tank capacity 
(Cape Verde and Sri Lanka) 



First, one must estimate the average daily 
windpump output by using the formula for 
average daily output, shown in Chapter 2: 

V 3 D 2 , 
Q day = 0.69 — - - (m 3 /day) (2.5) 

H 

where symbols are defined before, 
thus: 

4 3 x 5 2 

Qday = 0.69 ~ = 44 m3/dav - 

Given the average daily water requirement of 
32 m 3 over the period considered (one or 
more years), the windpump explotation factor 
f we can be calculated: 

We "Qday " 44 



With help of the curve belonging to Case 1, the 

minimum required storage tank capacity can 

be derived as "0.75 days". 

Thus the storage tank capacity should be at 

least 

0.75 x 44 m 3 = 33 m 3 . 

If the farmer decides to enlarge the cultivat :c 
area which increases the water requirements 
to 40 m 3 /day with the same windpump, i' /ill 
result in a f we of 40/44 = 0.91. 

This corresponds with storage of "/ days", 
then the required storage tank capa< \y will be 
2.5 x 44 = 110 m 3 . 



5.43 Comparison of the cases 

The only difference between Case 1 
and Case 3 is the type of wind regime 
(Figure 5.3). The results show that there is no 
significant difference in required storage tank 
capacity if f we becomes smaller than 0.90, 
which is rather remarkable since the wind re- 
gimes are quite distinct 

The Cape Verde winds are much 
less variable (Weibull factor of 3.00) than Sri 
Lanka's winds with a low Weibull factor of 1 .79. 
At the higher f we values ( 0.90), the Cape Verde 
situation is more favourable than that of Sri 
Lanka with regard to storage tank capacity, as 
could be expected. 

A comparison between Cases 1 and 
2, both Cape Verde, shows that the farmer's 
decision to concentrate his irrigation activities 
within a shorter period significantly influences 
the capacities of the storage tank, especially in 
the range of low f we values. For instance, 
the farmer from the previous example needed 
a storage tank capacity of 33 m 3 if he irrigated 
his field for 12 hours a day (f we = 0.73). 

Assuming that he might want to 
limit his irrigation activities to one four- 
hour period a day, the required storage tank 



capacity, correspondingwith f we =0.73, would 
be 1.2 days. Hence, the required storage 
capacity 1.2 x 44 = 53 m 3 , or 1.6 times larger 
than before. 

Cases 1, 2 and 3 assumed that the 
farmers were able to adapt either their crop- 
ping patterns or the cultivated area to fluctua- 
tions in monthly output Case 4 shows the 
dramatic increase in required storage tank 
capacity if no such adaptation is possible. 

5.4.4 Generalizing the results of the 
case studies 

The results of the case studies pre- 
sented above can be used for designing wind- 
pump storage tank combinations for other re- 
gions as well, if one takes into account that: 

■ The two different wind regimes in the case 
studies were rather distinct from each other, 
and most other wind regimes will have a 
Weibull factor somewhere between the 
Weibull factors of the Cape Verde islands 
and Sri Lanka. 

■ Some of the assumptions incorporated into 
the calculation model can be described as 
conservative for several reasons: 
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Figure 5.4 The relationship between the windpump operation fddor f^ and the required storage tank capacity for farmers 
available to irrigate four and 12 hours a day, respectively. 



- Night irrigation was excluded. Although day- 
time irrigation is the general practice, it would 
not be logical to assume that a farmer 
never irrigates at night, not even if his crop has 
suffered from some days of water shortage. 

-Farmers can irrigate in advance, thus using 
the storage capacity of the soil; but this re- 
quires special skills and experience. 

- Excess water does not necessarily have to be 
lost, but can be conveyed to fields with 
drought resistant crops and an additional 
crop yield can thus be produced. 

-On the other hand, it is very optimistic to as- 
sume that farmers are fully able to adjust their 
cultivated area or cropping patterns to follow 
the fluctuations in windpump output from 
month to month, thereby creating a constant 
f we factor. 

Figure 5.4 presents two graphs that can be used 
to determine the minimum required storage 
tank capacity. 

■ A curve which averages Case 1 and Case 3 is 
considered to be representative for a farmer 
who has the entire day (12 hours) at his 



DESIGN OF WINDPUMP 



Feasible solutions for the specific 
cases can be derived from the graphs in Figure 
5.4, in combination with the technical data 

The data required include: 

■ The amount of land the fanner possesses 

■ The type of windpump available 

■ The irrigation method applied 

■ The number of hours a day the farmer wants 
to irrigate 

■ The amount of labour the farmer can make 
available for irrigation 

■ The crops that are possible or needed and 
whether or not the fanner wants to include 



disposal for irrigation. 
■ A curve that is deduced from Case 2 and can 
be seen as an approximation of the situation 
where a farmers' time for irrigation is limited 
to four hours per day. It must be emphasized 
that the basic idea of the graphs is that the 
farmers are able to adapt their cropping 
patterns to fluctuations in windpump output. 
For this reason, Case 4 has not been used for 
designing Figure 5.4. 

The graphs represent all combina- 
tions of f we and the minimum required storage 
tank capacity. The 12-hours curve starts with 
no storage tank, and a corresponding f we of 
about 0.35 (hence only 35% of the potential 
windpump output can be used), and continues 
up to a storage tank capacity of more than four 
times the average daily windpump output for a 
f we of 1.0. If one wants a storage tank capacity 
of 50% (0.5 day) of the daily windpump out- 
put, in order just to collect the nightly output, 
the windpump exploitation factor will, as the 
graph shows, be about 0.65 (65%). In other 
words, 35% of the potential output will be lost 



SYSTEMS 



drought-resistant crops in his cropping pat- 
tern 

■ The additional economic return on inves- 
tments in storage tank capacity 

■ The financial opportunities for the farmer 

The last two aspects are discussed in Chapter 6. 
Larger storage tanks facilitate irrigation water 
management by reducing the number of 
irrigation periods and by creating a buffer for 
windless periods. The cultivated area can also 
be extended. Large storage tanks are very 
costly, however, and a farmer has to find a 
balance between the costs and benefits. 



In the case study on Cape Verde 
(Van Dijk 1984a), optimal storage tank capa- 
city was in the order of 1.0 to 2.0 times the 
average daily windpump output, when taking 
account of economical, financial and water 
managementaspects. The result has been con- 
firmed by a field study (Van der Bijl 1985) on 
Sao Vicente, Cape Verde in an area with a 
tradition of windpump irrigation since 1900. 

To spread their risks, the farmers 
there grow a variety of crops and include 
drought resistant crops in their cropping pat- 
tern. They have storage tanks equal to 1 .0 or 1.5 
times average daily windpump output, and the 
f we factor is 0.80. 

If a farmer also has paddy fields, he 
may consider using these fields for water 
storage as well. In that case, the required stor- 
age tank capacity can be much less than that 
derived from Figure 5.4. 

Another option that has not pre- 
viously been discussed is the possibility of using 
a water lifting device such as a small motor 
pump, or a human or animal-powered pump 
in addition to the windpump (dual system 
pumping). Although such a solution might be 
beyond the financial reach of a small farmer, it 
could offer rather good opportunities to use 



FINAL COMMENTS 



This chapter has considered fluctua- 
tions in the wind resource. It has considered the 
circumstances under which a storage tank is 
required and how to calculate its size. The con- 
clusion has been that, despite the apparent 
scope of the wind regimes, windpump 
sizes, command areas, cropping patterns, etc, a 
single graph can in fact be used to relate the 
major parameters and derive a tank size. 



the windpump output more efficiently, and in 
many cases it could be a more economical so- 
lution. Even a relatively cheap hand pump is 
just enough to deliver a small quantity of water 
to irrigate the most critical crops when the 
windpump has stopped owing to a windless 
period with an empty reservoir. The instal- 
lation of such additional devices permits 
larger areas to be cultivated (higher f we ) or 
enables the required storage tank capacity to 
be drastically reduced. 

The storage tank capacity should 
then be just sufficient to collect the nightly out- 
put of the windpump, while the day-to-day 
fluctuations in the windpump output are 
covered by the additional device. The extra 
costs for the additional device (money and 
labour requirements) should be weighed 
against the extra benefits such as less storage 
tank capacity, more crop security and higher 
agricultural yield. 

It should be clear from this dis- 
cussion that the large number of variables 
involved demand a complex process to deter- 
mine the most suitable combination of wind- 
pump, command area, storage tank capacity, 
cropping pattern, and possibly even an addi- 
tional water lifting device. 



In general, a tank of one ortwo times 
the average daily output is sufficient to buffer 
the more noticeable fluctuations in windpump 
output 

The next chapter describes the 
economics of choosing a windpump and 
shows when and whether the windpump sys- 
tem is a viable option. 



Zhe economic and financial feasibility of windpumps 



Like other technology which has 
been introduced into farming systems, the 
attractiveness of a wind pump is strongly rela- 
ted to economic and financial concerns. Since 
there is also a clear component of "energy 
conservation" included in the use of wind- 
pumps, economic considerations at the coun- 
try level are important They become more 
important if a significant amount of fossil 
energy is saved owing to the use of large num- 
bers of windpumps. 

The farm economic or financial 
analysis determines the attractiveness of the 



ECONOMICANALYSIS 



The major factors that determine 
the economic attractiveness of windpumps by 
comparison with otherwater liftingdevices in a 
country or one of its regions are the: 

■ investment costs of water lifting devices. 

■ economic lifetime of water lifting devices. 

■ operation costs. 

■ interest rate and foreign exchange rate. 

■ availability of other energy sources. 

■ opportunity costs of rural employment. 

Apart from these typical economic 
factors, the attractiveness is, of course, deter- 
mined by physical and technical factors such as 
the wind regime, pumping head, demand for 
water, and storage tank capacity to bridge 
windless days, etc 

The accounting costs are calculated 
on the basis of economic prices which means 
that taxes and subsidies are excluded. 
The opportunity costs of rural employment are 
determined bythescarcity of labour, especially 
in the case of local manufacturing of wind- 
pumps. Opportunity costs mean, the value of 
resources in their most productive alternative 
uses. In other words, what else can be done 
with labour. 



use of windpumps for farmers. Economic 
models at both the country and farm levels 
have been developed and published along 
with decision schemes for the use of wind- 
pumps (Mueller 1984). 

The economic analysis is described 
briefly in Section 6.1. The farm economic and 
financial analysis, including the financing of a 
windpump by farmers, is discussed in more 
detail in Sections 6.2 and 6.3. The last section 
briefly describes sensitivity analysis, that is the 
influence of a change in parameters on the cost 
of a windpump. 



The calculation of the economic 
attractiveness can be based on a comparative 
cost analysis of different water lifting devices. In 
a country where windpumps are a new tech- 
nology, the initial introduction cost (local re- 
search, a wind measurement programme, for 
instance) also has to be taken into account 
Based on a number of calculations (Mueller 
1984; Van Dijk 1986), windpumps have been 
found to be economically more attractive than 
diesel pumps if the average wind speed during 
the irrigation season is at least 4 m/s. If high 
investment costs are required for the storage 
tank, this figure may be somewhat optimistic. 

An important factor which deter- 
mines the economic feasibility of windpumps 
is the availability of other sources of energy. If 
the possibility exists to generate electricity in a 
cheap way, such as by hydropower, and a 
dense rural electricity grid exists, the use of 
electric pumps will almost always be the most 
attractive pumping option. 

However, if the alternative to wind 
energy in a specific country is the use of impor- 
ted fuel, windpumps would be more feasible 
than diesel pumps. The use of windpumps de- 



creases both the demand for foreign currency 
and the dependence on foreign energy sup- 
plies. Solar energy, which like wind is freely 
available, is not yet an attractive energy source 
from an economic point of view. Though solar 
pumps have long lifetimes, the investment 
costs are still high compared to other water 
lifting devices. Solar energy can be important if 
a high value is attached to clean water such as 
in the supply for a small rural hospital but, if 
large quantities are involved as in the case of ir- 
rigation, it is not yet considered worthwhile. 

If a windpump is introduced or 
replaces a traditional water lifting device, the 
so-called opportunity costs of labour must also 
be included in the analysis. This is because 



FARM ECONOMIC ANALYSIS 



A farm economic analysis deter- 
mines whether or not the use of windpumps is 
a feasible investment for a farmer. This analysis 
is required because a positive or negative out- 
come of the economic analysis at a regional or 
country level does not mean the same 
feasibility for the farmer. Contrary to the eco- 
nomic analysis of a country in regard to wind- 
pumps, the farm economic analysis uses the 
real market prices that the farmer pays for in- 
puts or receives for products. This means that 
taxes and subsidies are included in the prices 
and the interest rate for local loans is used. 

If windpumps prove to be attractive 
from an economic point of view, but not from 
the farm economic point of view, government 
subsidies might be feasible. 

6.2.1 Methodology of the analysis 

An individual farmer probably does 
not see a windpump as a tool to conserve 
energy but only as a water lifting device. 
This means that the windpump must be relia- 
ble, easy to handle, and cheap vis-a-vis other 



the running costs of traditional water lifting de- 
vices consist mainly of labour costs. 

The possibility of producing wind- 
pumps in workshops in the country concerned 
can also be an important aspect of the 
economic attractiveness. Local production in- 
stead of imports saves foreign currency. This is 
especially true if it is not necessary to import 
the required raw materials. Because wind- 
pumps are expensive to transport, production 
should preferably take place not far from the 
area where the windpumps will be installed. 

This implies local production which 
also creates rural employment which, in many 
cases, may be very attractive from a national 
point of view. 



water lifting devices. A comparative farm 
economic analysis of various pumping systems 
can determine the economic viability of each 
pumping system. 

In cases where windpumps are to be 
introduced in an area in which water lifting 
devices are already in use, estimates could 
indicate that the windpump can meet the 
water requirements of the existing cropping 
system. If the benefits of the windpump are 
equivalent to those of the existing water lifting 
device, calculation of the annual costs 
can be sufficient to determine the economic 
attractiveness. 

A comparative analysis of the equi- 
valent benefits of the systems should also 
include a proper weighing of more immaterial 
benefits such as the fact that windpump irriga- 
tion can be somewhat more labour intensive 
than motor pump irrigation. 

The fact that a farmer using wind- 
pumps has to irrigate almost every day should 
also be taken into account. 



The general formula forcalculating annual cost 
reads: 

i(l + i) n n C t 

AC = .{l + i } (6.1) 

(1 + i) n -1 t = 1(1 + i) n 

where: 

AC = annual cost ($/year) 

i = interest rate (-) 

I = investment costs ($) 

n = lifetime (years) 

Q = operating cost in year t($) 



The cost in year t consists of the ope- 
rating costs of the water lifting device, the costs 
of repair and maintenance, and possibly a 
re-investment component with a shorter life 
span than the rest of the device. 

The annual costs are calculated for 
each type of water lifting device; the device ha- 
ving the lowest annual costs is the most econo- 
mically attractive. 

Sometimes, windpumps can be 
used as an additional device. In a small irriga- 
tion scheme, where water is supplied by a fuel 
pump, windpumps can be installed to save fuel 
during windy periods. 

The economic attractiveness is calculated by 
comparing the annual costs of the windpump 
with the annual benefits from fuel saving. 
If the benefits of the windpump differ from the 
otherwater lifting devices, a comparison of an- 
nual net benefits must be made. 



The equation to be used is: 

i(l + i) n n (Bt-Ct) 
ANB = .{l+£ -I} 

(1 + i) n -1 t = 1 d + i) 1 

where: (6.2) 

ANB = net annual benefits ($) 

I = investment costs ($) 

Bt = benefits in year t ($) 

Ct = costs in year t ($) 

i = interest rate (-) 

n = lifetime windpump/engine pump 
(years) 



The net annual benefits are calcula- 
ted for each device. If the average net annual 
benefits of the windpump irrigation system are 
higher than those of the comparative water 
lifting devices, than the use of wind pumps is 
attractive from a farm-economic point of view. 

Such a comparative analysis was 
carried out on Sao Vicente in Cape Verde (Van 
der Bijl 1985). Table 6.1 shows the results. 

This comparison concluded that a 
windpump is more viable for farmers on small 
farms than a fuel pump in the favourable wind 
regime of Sao Vicente (average wind speed 
6-7 m/s). 

622 Annual costs of windpumps 

In general, the annual costs of pum- 
ping water are determined by the investment 
costs and the lifetime of the device, the interest 
rates, and the specific costs of maintenance, 
repair and operation. The investment costs of a 
windpump irrigation system consist of the cost 



Table 6.1 Benefits and costs of irrigation on Sao Vicente. Cape Verde. 



Case 

Water lifting device 
Gross irrigated area 



1 

wind pump 
1250 m 2 



2 

fuel pump 
1250 m 2 



Costs per year in Escudos 

- Investments in vegetable garden 

- investments in lifting device 

- Running costs 

- Repair and Maintenance 
-Labour 

-Others 

Total costs 



22320 


15700 


10490 


12620 




26535 


4000 


6000 


1500 


1500 


4000 


4000 


42310 


66355 



Benefits per year in Escudos: 

- Gross margin 

- Extra for animal husbandry 

Total benefits per year 



93750 



93750 



103125 



103125 



Annual net benefits (benefits - costs) 



51440 



36770 



of the windpump, the storage tank and, if 
ground water is used, the well. 

The investment costs of the wind- 
pump are determined by the choice of the type 
and size of the windpump (see Table 2.2), 
under the prevailing wind regime. Local pro- 
duction and efficient installation of the wind- 
pumps can reduce the investment costs. 

The lifetime of the windpump is de- 
pendent upon the type of windpump and the 
level of maintenance and repair. 

The investment costs of the storage 
tank depend on the material used and the 
required tank capacity. The investment costs 
vary greatly. If material and construction costs 
are relatively low (that is, if locally available ma- 
terial such as sand and rocks are used, or if the 
reservoir can be excavated), the tank capacity 
can be even larger than the minimum required 
capacity. 



This will provide a simple and more 
reliable water supply and create the possibility 
of carrying out fish farming If storage tanks are 
constructed out of more expensive materials, 
such as cement blocks or bricks, the tank capa- 
city is more critical and should be minimized. 
Appendix 3 gives details on the costs of diffe- 
rent storage tanks. 

Sometimes a new well has to be dug 
before the windpump can be installed. 
Deepening the well may be necessary, for in- 
stance, if it was previously operated by means 
of a water lifting device with a lower pump 
capacity. 

The costs of digging or drilling a new 
well or deepening an existing one depend on 
factors such as type of well (dug or drilled), the 
depth and diameter of the well, the material to 
be excavated, depth to water level, etc The life 
span of a dug well is usually rather long (more 



than 30 years), which means that only the ini- 
tial investment costs have to be considered in 
the analysis. 

The costs of maintenance, repair, 
and operation are also taken into account in 
the economic analysis. The main advantage of 
windpumps is of course that operational costs 
are rather low. Other water lifting devices have 
higher operational costs because of fuel or 
electricity consumption. 

In general, it can be assumed that the 
annual repair and maintenance costs for wind- 
pumps are in the range of 2%-10% of the initial 
investment costs. The maintenance and repair 
costs of a storage tank depend largely on the 
material used for construction (see Appendix 
3). They can be estimated at 1%-5% of the ini- 
tial investment costs of the tank. 
The maintenance and repair costs of the wells 
are generally small by comparison with the 
other costs of the windpump irrigation system. 

Appendix 4 shows an example from 
Mozambique of investment, maintenance and 
repair costs of a windpump irrigation system. 

6.2.3 Annual net benefits of windpumps 

The annual net benefits of the wind- 
pumps are determined by the yield of the crops 
grown in the command area. Labour saving 
can be important when windpumps replace 
traditional water lifting devices such as the 
"Persian wheel", which is a very labour inten- 
sive technique. In some cases fish farming in 
the storage tank may be an additional income 
generating activity. 

The annual benefits of a windpump 
are highly influenced by the possibility of using 
the pumped water in an optimal way. Howe- 
ver, this does not automatically mean that the 
highest net benefits are derived from the lar- 
gest command area which also implies the 
highest exploitation factor f we , where f we is 



the gross irrigation water requirement of the 
area served by the windpump divided by the 
average windpump output (see Chapter 5). 

As Chapter 5 showed, a distinct rela- 
tionship exists between the storage tank capa- 
city and f we . Larger storage tanks increase 
f we and less water is lost Therefore, a larger 
tank enables a larger command area to be cul- 
tivated or a smaller windpump to be installed. 

For a specific windpump, a larger 
storage tank and larger command area initially 
requires higher investment costs to generate 
higher benefits. 

The combination of f we and storage 
tank capacity that provides the highest net be- 
nefits depends on the agricultural production 
level. An increase in the f we at a high produc- 
tion level provides relatively more benefits 
than at a low production level. 

For the Cape Verde Islands (Case 1, 
Chapter 5), the net production has been calcu- 
lated for three different production levels and 
eight different combinations of f we and 
storage tank capacity (see Table 6.2). The costs 
of the storage tank is estimated at US$ 40 per 
cubic metre of storage (1983 prices are used). 

At a low production level, the 
highest net benefit is reached at f we = 0.70 and 
a storage tank capacity of 0.6 times the average 
daily output Such a storage tank capacity is 
less attractive from a water management point 
of view (Section 5.2). However, an increase 
in the storage tank capacity decreases the net 
benefit 

For a medium production level, the 
difference between the net benefit for different 
tank capacities is not very large. In this instance, 
the farmer's choice of a specific tank size 
is not greatly influenced by farm economic 
considerations. 

For a high production level, the lar- 
gest storage tank with a f we of 1.0 (on the 



© 



Table 6.2 The net production for different combinations of the windpump exploitation factor f m and storage tank capacity 



Storage tank capacity Net benefit (US$/year) 

fwe m 3 tank capacity/ daily output production level 

windpump low medium high 



1.00 


240* 


4.0 


1050 


2910 


5500 


050 


151 


2.5 


1285 


2960 


5280 


0.85 


100 


1.7 


1445 


3010 


5165 


0.75 


62 


1.1 


1490 


2925 


4890 


0.70 


35 


0.6 


1545 


2880 


4715 


0.65 


18 


0.3 


1480 


2670 


4285 



* for sample, the daily windpump output in this case is 240/4 = 60 m 3 , and the gross irrigation requirement (CIR) = .60 = 60 m 3 . 



average total windpump output can be used) is 
economically the most attractive. The higher 
cost of the larger storage tanks is compensated 
for by the higher benefit of the extra command 



FINANCING A WINDPUMP 



A positive outcome to the farm eco- 
nomic analysis does not necessarily mean that 
farmers can finance the windpump or that the 
net cash benefit is sufficient to make a wind- 
pump an attractive choice. 

There is a distinct difference 
between the calculated annual cost of the 
windpump in the economic analysis and the 
amount of available cash on an annual basis. 
A fanner has to repay the loan he takes out to 
invest in a windpump. The calculated econo- 
mic value of the crops of the command area 
can differ from the actual amount of money 
the farmer receives from the sales of the pro- 
duction on the market 

Therefore, a cash flow analysis is 
required to determine whether or not it is fea- 
sible for the farmer to invest in a windpump. 
The methodology in this analysis is basically si- 
milar to that of the economic analysis, except 
that the cash flow analysis uses different cash 



area. Whether or not the farmer chooses this 
solution will depend on the possibilities for 
financing the higher investment cost of a larger 
storage tank. 



payments and cash benefits. The debt service 
(interest plus repayment) of the loan is used 
rather than the investment costs. The benefits 
consist only of the money received from the 
sale of products to the market 

The financial analysis enables the 
calculation of a cash flow, which gives the net 
cash benefits over a period of years. This cash 
flow gives a good indication of the financial 
viability. 

The general characteristics of the ex- 
penditure pattern for a windpump investment 
are high fixed expendituresduringthefirstyear, 
but a large reduction in expenditures after the 
loan is repaid (see Figure 6.1). 

The expenditure pattern for fuel 
pumps is characterised by equal fixed expendi- 
tures and running costs and a more constant 
expenditure pattern throughout the years. 

A comparison of these two expendi- 
tu re patterns shows that a farmer who invested 
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Figure 6.1 Comparing the indicative expenditure patterns ofwindpump and a fuel pump. 



in a wind pump has higher expenditures in the 
early years than the fanner who has chosen a 
fuel pump. Taking into account the fact that 
some time is needed to learn how to use the 
windpump optimally, the cash benefit of the 
windpump will probably become higher after 
several years than those of the fuel pumps, as 
seen in Figure 6.2. 

Mueller and Jansen (1984) calcula- 
ted the cash flow of a small kerosene pump 
versus that of a windpump in Sri Lanka and 
found that the farmer received less money in 
the first years after the installation of the 
windpump than with a kerosene pump. This 
difference in the net cash flow was not caused 
by differences in benefits but rather due to dif- 
ferences in the expenditure pattern. 

The expenditure pattern of a fuel 
pump is more flexible than that of a wind- 
pump. If required, the farmer can reduce the 
running costs by using the fuel pump less, say, 
duringyears with excessive rainfall or when the 
family cannot put much labour effort into its 
agricultural activities. 



The high fixed expenditures for a 
windpump during the first years can hamper 
the successful introduction of windpumps 
amongst farmers. Given the uncertainties that 
farmers have to deal with (plant diseases, 
drought, changes in market prices), it is 
questionable whether they will take the risk of 
investing in a device which will not benefit 
them for a number of years. 

The limited time horizon of many 
farmers in developing countries (who are 
mainly concerned with the daily struggle for 
life) is also an influencing factor. 

The high investment costs of awind- 
pump and storage tank means that a farmer 
often needs a bank loan to finance the 
investment costs. Informal credit systems will 
probably not be sufficiently available to 
finance large amounts of money. Adapting 
bank loan schemes to the specific expenditure 
pattern of windpumps can be very useful. 

Lengthening the loan repayment 
period or changing the repayment schedule to 
permit decreasing amounts can be considered. 
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figure 62 The net cash flow of a windpump and a kerosene pump 
(1US$ = 22 Rupees. 1983) 



A more flexible repayment schedule is another 
solution. This schedule could for instance be re- 
lated to the realized yields and market prices 
during a specific year. 

Finally, if general subsidy schemes 
exist to encourage farmers to invest, wind- 
pumps could be included in these schemes. 
In all cases, the farmer must be willing to risk a 
rather high investment in a windpump. 

The risk-bearing capacity of the 
household and the involvement of the family 
in the market structure also indicates the type 
of households for which windpumps could be 
attractive. Generally speaking this will not be 
the subsistence farmers, but those who are at 
least already partly integrated into a market 
economy by producing cash crops. 

When wind pumps are used to irri- 
gate the fields of a group of farmers, a different 



situation exists. In this case, a wind pump is 
often not a private investment of one farmer, 
but rather part of the supply system for irriga- 
tion water. As in other small scale irrigation 
projects, the supply system consisting of a 
water source, a windpump and a canal system 
is probably not privately owned by the users, 
but by a (semi- or para-) governmental organi- 
zation. 

Apart from taking care of the opera- 
tion, maintenance, and repairthis organization 
also finances the investment in the wind- 
pumps. Farmers who use the water supplied by 
the scheme pay for these investments either by 
paying for the amount of water used or by 
paying a fixed annual water tax. In general, the 
financial aspects of investment in windpumps 
will not differ much from the way it is organized 
in similar irrigation schemes. 



SENSITIVITY ANALYSIS 



In all cases of economic and financial 
analysis, a sensitivity analysis should likewise 
be made. If reliable data is not available, a sensi- 
tivity analysis is imperative. By carrying out 
such an analysis, the influence of the assump- 
tions made on the outcome of the analysis can 
be determined. 

Future changes in prices of items 
such as fuel can be analyzed in this way and 
taken into account A sensitivity analysis is con- 
ducted by increasing or decreasing the key 



parameters used in the economic analysis. The 
annual costs or annual net benefits are calcula- 
ted once again and the influence of these key 
parametres can then be determined. 

The key parameters of the economic 
sensitivity analysis of pumping with a windmill 
are investment costs, interest rates, fuel prices 
and market prices of the crops. 
Table 6.3 presents an example of the outcome 
of the sensitivity of the annual costs to a change 
in the level of investment costs (Mueller 1984). 



Table 6.3 Sensitivity analysis (at country level) of the annual costs. 



Cost component 



Percent change 



Windpump investment costs 
Diesel pump investment costs 



+ 10% 
+ 10% 



Resulting change in 
annual costs 



+ 4.5% 
+ 3.0% 



7 Setting up a windpump project 



7,1 



A systematic approach to introdu- 
cing windpumps is one of the prerequisites to 
success. In the past several projects have failed 
because the complexity of this process was 
underestimated. Mistakes during the initial 
stages of the project resulted in long-lasting 
negative attitudes amongst farmers towards 
windpumps. 

Proper monitoring of any wind- 
pump project is essential in order to avoid pos- 
sible mistakes at an early stage and to adjust 
the project set up. Monitoring is a continuous 
process of obtaining, analyzing and communi- 
cating data. 

Experience with proper monitoring, 
the evaluation of windpump projects and, in 
fact, general development projects, are limited. 

As was discussed in Section 1.2, both 
the complexity and the key factors that deter- 



mine the attractiveness of windpumps in va- 
rious farming systems can differ substantially. 

These differences affect the type of 
project For instance, a project for rain-fed 
farming systems would differfrom one which is 
only a question of replacing diesel pumps by 
windpumps. 

Whatever the situation, some kind 
of project planning is required. The five differ- 
ent phases of a general project set-up are (refer 
also to Bodegom 1984): 
Phase 1: Assessment of need 
Phase 2: Pre-feasibility study 
Phase 3: Pilot project 
Phase 4: Feasibility study 
Phase 5: Implementation 

These phases are described in detail 
below. One or more could be scrapped depen- 
ding on the local situation. 



THE DIFFERENT PHASES OF A WINDPUMP PROJECT 



Phase 1: Assessment of need 

Duringthis phase, an investigation is 
made as to whether there is any need amongst 
the target group for technological improve- 
ments in the farming system. The participation 
of the target group itself is a prerequisite for the 
success of this phase. Steps should also be 
taken to ensure that both men and women 
have equal opportunities to express their 
needs. Based on discussions and studies, pref- 
erably carried out by local people, an initial list 
of possible technological solutions is compiled 
and then compared. 

The need assessment phase is espe- 
cially important when it concerns a region with 
rain-fed farming. When families that belong to 
the target group show interest in improved 
water lifting devices or in the use of wind- 
pumps (see Sao Vicente case study), the need 
assessment phase may not be required. 



The chief conclusion of this first 
phase of the project should be whether or not a 
real need exists for improving the lifting of irri- 
gation water. 

Phase 2: Pre-feasibility study 

The pre-feasibility study should 
determine whether or not the introduction of 
windpumps would be beneficial. This is done 
by a comparative study of diverse types of 
water lifting devices. Only available data is 
used: no special research is carried out for this 
study. An example of the terms of reference for 
a pre-feasibility study is given in Appendix 5. 

Unless farmers have already ex- 
pressed their interest in windpumps, as was the 
case in Sao Vicente (Cape Verde), the pre- 
feasibility study is one of the more crucial 
phases of a windpump project. If the outcome 
of this study is positive, a pilot project can be 
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started. A positive pre-feasibility study does 
not, however, gu? r anteeasuccessful follow up. 
A too optimistic study might overlook key fac- 
tors during this phase, which could create ma- 
jor problems during later phases of the project 
This was the case with the TOOL- 
ORP Windmill Project in Ghazipur, North India 
(Goedhart 1980). During the pre-feasibility 
study, it was assumed that farmers would 
largely adapt their cropping system to the out- 
put pattern of the windpump. This implied 
cultivating vegetables during the summer 
season which would give the farmers very high 
benefits. 

Based on this fad, windpumps were 
considered to be economically very attractive 
for them. The pilot project phase discovered, 
however, that cultivation during summer 
created many problems. Farmers had to stop 
their traditional on-farm activities during this 
season; the processing of winter crops could 
not be accomplished, and there were agro- 
climatological limitations. Furthermore, many 
farmers were not eager to cultivate vegetables 
owing to cultural reasons. As a result, 
the assumptions of the pre-feasibility study 
proved to be wrong and during the pilot phase 
it was concluded that windpumps were not 
suitable for these farmers. 

Phase 3: Pilot project 

If a new technology is to be intro- 
duced, it is almost impossible to assess the 
implications without practical experience. The 
pilot phase is less necessary if windpumps are 
already successfully in use in other projects in 
the region. Technical, agronomical, and socio- 
economical differences will determine 
whether or not use can be made of experiences 
in nearby projects. The exact scope of the pilot 
project phase also depends on the outcome of 
the pre-feasibility study. 



In general, the aim is to provide the data, based 
on practical experience, required for the 
feasibility study which in turn investigates the 
possibility of an implementation phase. 

The pilot project phase has two sub- 
phases: one of internal testing, the other of 
external testing. 

■ Internal testing (carried out at the research 
location). This phase is especially important if 
one of the aims is the local production of 
windpumps. The end product of the new tech- 
nology has to be built, tested and, if necessary, 
improved and adapted to local circumstances 
(methods of construction, available materials, 
etc). 

Adequate wind data to be used for a 
simulation model on windpump irrigation has 
to be collected at the test station. Data on the 
area to be irrigated by one wind pump 
(command area), storage tanks and cropping 
pattern can also be investigated. This data col- 
lection and processing, and the testing of 
windpumps can take place at a rural research 
institute. Appendix 6 gives an example of the 
elements that must be monitored and 
equipment required. The duration of the inter- 
nal testing phase depends largely on the 
required adaptations of the windpump. 

In general, experience shows that a 
period of six months should be considered the 
minimum length for internal testing. If the aim 
is only to import windpumps, this internal 
testing phase is less important In some cases, 
it could even be omitted from the project or 
restricted to collection of wind data only. 

■ External testing (testing at field locations) 

When the windpump has been 
adapted to the local conditions and produc- 
tion (or import) becomes possible, the phase of 
external data collection can be started. In this 
phase, the windpump is tested under real 
target group conditions. The set-up must 



resemble that of the implementation phase. 
Provisions must be made to ensure that the 
testing is as realistic as possible, while at the 
same time the farmers selected to participate 
are not exposed to too many risks. It should be 
dear to everybody involved that the imple- 
mentation phase has not yet started. 

The farmers' wells must be suitable 
and the farmers themselves have to be given 
strong support. One of the most essential tasks 
in this phase is proper data collection. 
The performance of the windpumps with res- 
pect to the technical, agronomical and social 
aspects should be monitored in detail. This 
requires trained personnel and cooperating 
farmers, as well as an adequate planning 

The external testing period must 
cover at least the main irrigation season. The 
number and type of farmers involved in this ex- 
ternal testing depends on the diversity within 
the project area and on the project's target 
group. Logistical aspects can play an important 
role. Proper collection of data from amongst 
the fanners is required, which means visits 
must be made at least once a week. 

To minimise difficulties in connec- 
tion with maintenance and repair, the dis- 
tances between different test-locations should 
not be too large. A total of five to ten families is 
usually sufficient to collect a reliable set of data. 

Some pre-implementation activities 
can also be carried out during this phase, such 
as making contact with banks and government 
institutions to arrange for credit and subsidy 
facilities or for the start-up of production. 
Attention must also be given to training local 
people in the production, use and mainte- 
nance of windpumps. 

Appendix 7 gives an example of 
an activity-time schedule for a pilot project in 
Sudan. 



Phase 4: Feasibility study 

The feasibility study is based on the 
pre-feasibility study and results of the pilot 
project (if carried out). This should result in a 
conclusion aboutthe use of windpumps by the 
target group. Social, agronomical, economical, 
financial, technical and organizational aspects 
of the use of windpumps have to be consider- 
ed. An example of the terms of reference for a 
feasibility study is given in Appendix 8. When 
the study comes to a positive conclusion, the 
implementation of the windpumps can begin. 

Phase 5: Implementation 

This is the final phase of a windpump 
project The first part of this phase should 
include the making of definite agreements with 
banks regarding credit and subsidy facilities. 
Legal permission must be obtained in order to 
start production on a large scale. 

Farmers, who obtain a windpump 
free of charge duringthe external testing phase 
have to decide whether or not they want to 
buy the windpump. After that, the sale of wind- 
pumps can be started. 

A careful implementation requires 
slow expansion of local production duringthe 
first phase here. Contacts with potential 
windpump farmers should be established on 
the basis of experience gained duringthe exter- 
nal testing phase. Special attention must be 
given to the organization of maintenance and 
repair facilities and to extension services 
related to windpump irrigation. In this initial 
period, it is often expedient to restrict the sale 
of windpumps to a specific area. 

This enables the users of wind- 
pumps to collaborate. Maintenance, repair 
and extension services can also be provided 
more easily and monitoringwhich should still 
continue, is also easier. 
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Once the first phase of implementa- 
tion has succeeded, the next phase of the intro- 
duction can be left to market forces. Once the 
new technology has proved to be reliable and 



FINAL COMMENTS 



Whether or not all the described 
phases must be part of a project depends on 
the local circumstances and the results of the 
various phases of the project 

The duration of the project depends 
largely on the situation of the target group at 
the start of the project as well as on the 
institutional constraints. The introduction of 
windpumps to replace fuel pumps takes less 
time than the introduction of windpumps in an 
area where farmers have very little or no 
experience with irrigation. Although there is 
not much data available, a project cycle of five 
to eight years seems a realistic estimate. 

The two case studies of Lassithi and 
Sao Vicente (Hoogervorst and Van 't Land 
1983 and Van der Bijl 1985) show that it 
takes approximately five to ten years before 
windpumps are used on such a large scale that 
they have become one of the many available 
indigenous technologies. 



attractive, the special support given to the pro- 
duction and use of windpumps can be 
decreased and the introduction of windpumps 
as a project can come to an end. 
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^Appendix 

Zesting the yield of large diameter dug metis 



Three methods are described here 
to determine the possibilities of using a well for 
small scale lift irrigation, and to select the 
appropriate pumping capacity of the water lif- 
ting device to be installed. These methods are 
ranked according to increasing complexify: 

1. method b«sed on well geometry. 

2. the "optimum yield" approach. 

3. the "improved optimum yield" approach. 

To evaluate whether or not a well 
could be equipped with a windpump and to 
select the best windpump size, the "steady 
state yield" is a useful criteria. This is the average 
rate at which a well can be pumped without 
being emptied. A windpump, however, does 
not have a constant pumping rate. 
It could, therefore, still empty a well at high 
wind velocities. 

This can only be prevented by sizing 
the windpump so that the rated (maximum) 
output is equal to that of the well capacity. 
The larger the storage capacity of the well, the 
smaller the chance of the well being emptied 
by a windpump. 

1. Method based on well geometry 

This method is easy to understand. It 
has been used by the Wind Energy Unit in 
Sri Lanka (WEU 1981). The idea behind the test 
is that the recharge capacity of a well can 
be found by measuring the amount of water 
needed to refi I an emptied well and the time 
it takes. We need the well diameter (d), the 
water level after the well has been emptied 
(h^, that is after pumping has stopped, 
the water level after the recharging has nearly 
been completed (h 2 ), and the time elapsed (t), 



They can be related to each other by the 
equation: 

~ 1/4 7i d 2 On, - h 2 ) . 3/ , . /A-,-\ 
Q = ^ (mVhours) (A2.1) 



where: 

Q = recharge of the well (mVhours) 
d = well diameter (m) 
h, = lower level below benchmark (m) 
h 2 = upper level below benchmark (m) 
t = recharge time (hours) 



Though this method is very attrac- 
tive for its simplicity, it has an important short- 
coming since it determines the well recharge 
over the full recovery period. 

During pumping, in practice, the well 
gives a recharge that can be much higher than 
the values found here since the water level is 
constantly low in the well, which leads to the 
maximum possible recharge rate. One also has 
to be careful in determining the well diameter 
which might be smaller at the water level than 
at ground level. 

2. The "optimum yield" approach 

Karanjac has described this ap- 
proach and its theoretical background (Karan- 
jac 1 971). Here a well is pumped at known out- 
put (Q p ). The time required to empty the well 
from one level to another is recorded (t p ) as is 
the time needed for the watn level to recover 
to the original level (t r ). 



According to Karanjac, the optimum yield of 
the well can be found from 

Q r = Q ? (rnVhour) (A2.2) 

tp + t r 

where 

Q r = optimum yield (m 3 /hour) 
Qp= pumping rate (mVhour) 
t p = time required to lower the well (hours) 
t r = time required for the well to recover to 
the original level (hours) 



This optimum yield Q r is the steady 
state yield we are looking for. Again this 
method is very simple. Theonly problem is that 
the pumping rate has to be known. In most 
cases this can be measured, for example, 
measure the time it takes to fill up a vessel of 
known volume. Repeat this several times 
during the test Calculate an average rate. 

3. The "improved optimum yield" approach 
This method has been described by 
Bremond (1965) and has been summarized in 
a publication of the French Ministry of 
Development and Cooperation (Burgeap 
1974). It issimilar to the previous method, but is 
an improvement It records not only the 
time for pumping and recovery, but also the 
pattern of the well emptying and recovering; 
that is, the drawdown of the well during 
pumping as a function oftimeaswell as the rise 
of the water level. 

This has been presented in Figure A2.1. 



The "optimum yield" of the well between two 
chosen levels (S1 and S2 where pumping 
stops) follows from a formula similar to the one 
of Karanjac 

Q r = Q p J*tL (m 3 /hour) 



BC 



(A2.3) 



where Q r and Q p were defined previously. 

If the curves BR and RC are straight 
lines this formula is identical to the one given 
by Karanjac. The obvious disadvantage of this 
approach is the details required for the pattern 
of drawdown, and the presentation of data by 
means of graphs. 

Refer to Kruseman and de Ridder 
(1976) for more sophisticated methods based 
on groundwater flow theory. Results are often 
not significantly better. Method 1, which is 
based on well geometry, gives rather pessimis- 
tic values for the "steady state yield". Methods 2 
and 3, the optimum yield approaches, give 
more accurate results with almost the same ef- 
fort and are therefore recommended. 
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Figure ATI Determination of Optimum Yield of a well 



^Appendix 

%t and %p toeffidents 



Table All Crop coefficients Kc(Doorenbos and Pruttt 1977). 



Crop Development Stages 



uop 


Initial 


Crop 

development 


Mid- 
season 


Late 
season 


At 

harvest 


Total growing 
period 


Banana 
























troDical 


0.4 


-05 


07 


-0.85 


1.0 - 


1.1 


0.9-1.0 


0.75-0.85 


0.7 _o.8 


subtropical 


0.5 


-0.65 


0.8 


-OS 


1.0 - 


\2 


1.0-1.15 


1.0 - 


-1.15 


0.85-0S5 


Bean 
























ereen 


03 


-0.4 


0.65-0.75 


0.95- 


1.05 


0.9 ■ 


-0S5 


0.85- 


-0.95 


0.85-0.9 


dry 


03 


-0.4 


0.7 


-0.8 


1.05- 


1.2 


0.65-0.75 


0.25-03 


0.7 -0.8 


i_aDDage 


0.4 


-0.5 


0.7 


-0.8 


0.95- 


■1.1 


0.9 


-1.0 


8 -0S5 


OJ -0.8 


Cotton 


0.4 


-0.5 


0.7 


-0.8 


1.05- 


■1.25 


0.8 • 


-0.9 


0.65- 


-0.7 


0.8 -OS 


Crape 


035-0.55 


0.6 


-0.8 


0.7 -0.9 


0.6 -0.8 


0.55-0.7 


0.55-0.75 


Groundnut 


0.4 


-0.5 


0.7 


-0.8 


0.95-1.1 


0.75 


-0.85 


0.55-0.6 


0.75-0.8 


Maize 
























sweet 


03 


-05 


0.7 


-OS 


1.05- 


-1.2 


1.0 


-1.15 


0.95- 


-1.1 


0.8 -0S5 


grain 


03 


-0.5* 


0.7 


-0.85* 


1.05- 


-12* 


0.8 


-0.95 


0.55-0.6* 


0.75-0.9* 


Onion 
























dry 


0.4 


-0.6 


0.7 


-0.8 


0.95- 


-1.1 


0.85 


-OS 


0.75- 


-0.85 


C.i> -OS 


green 


0.4 


-0.6 


0.6 


-0.75 


0.95- 


-1.05 


0.95 


-1.05 


0S5- 


-1.05 


0.65-0.8 


Pea, fresh 


0.4 


-05 


0.7 


-0.85 


1.05- 


-1.2 


1.0 


-1.15 


0.95 


-1.1 


0.8 -0.95 


Pepper, fresh 


03 


-0.4 


0.6 


-0.75 


0.95- 


-1.1 


0.85 


-1.0 


0.8 


-OS 


0.7 -0.8 


Potato 


0.4 


-05 


0.7 


-0.8 


1.05- 


-1.2 


0.85 


-0.95 


0.7 


-0.75 


0.75-0.9 


Rice 


1.1 


-1.15 


1.1 


-1.5 


1.1 - 


-13 


0.95 


-1.05 


0.95 


-1.05 


1.05-12 


Safflower 


03 


-0.4 


0.7 


-0.8 


1.05- 


-1.2 


0.65 


-0.7 


0.2 


-0.25 


0.65-0.7 


Sorghum 


03 


-0.4 


0.7 


-0.75 


1.0-1.15 


0.75 


-0.8 


0.5 


-0.55 


0.75-0.85 


Soybean 


03 


-0.4 


0.7 


-0.8 


1.0 - 


-1.15 


0.7 


-0.8 


0.4 


-0.5 


0.75-0.9 


Sugar beet 


0.4 


-05 


0.75-0.85 


1.05- 


-1.2 


OS 


-1.3 


0.6 


-0.7 


0.8 -OS 


Sugarcane 


0.4 


-05 


0.7 


-1.0 


1.0 - 


-13 


0.75-0.8 


05 


-0.6 


0.85-1.05 


Sunflower 


03 


-0.4 


0.7 


-0.8 


1.05- 


-1.2 


0.7 


-0.8 


0.35 


-0.45 


0.75-0.85 


Tobacco 


03 


-0.4 


0.7 


-0.8 


1.0 ■ 


-1.2 


0.9 


-1.0 


0.75-0.85 


0.85-0S5 


Tomato 


0.4 


-05 


0.7 


-0.8 


1.05- 


-1.25 


0.8 


-0.95 


0.6 


-0.65 


0.75-0.9 


Watermelon 


0.4 


-05 


0.7 


-0.8 


0.95- 


-1.05 


0.8 


-0.9 


0.65 


-0.75 


0.75-0.85 


Wheat 


03 


-0.4 


0.7 


-0.8 


1.05 


-1.2 


0.65 


-0.75 


0.2 


-0.25 


0.8 -OS 



® 



Table A2.2 Pan coefficient Kp for dass A Pan for different groundcover and levels of mean relative humidity and 24-hour wind 



Case A pan 


Case A: Pan placed in short green 




Case B: Pan placed in dry fallow area 






cropped area 




fallow area 




RH mean % 




low 


medium 


high 




low 


medium 


high 






<40 


40-70 


>70 




<40 


40-70 


>70 


Wind 


Windward side 








Windward side 








km/day 










cji5uince or ury 










crop m 








fallow m 








Light 


1 


.55 


.65 


.75 


1 


.7 


.8 


.85 


<. I/O 


10 


.65 


.75 


or 

.85 


10 


.6 


.7 


.8 




100 


.7 


.8 


.85 


100 


.55 


.65 


.75 




1000 


.75 


.85 


.85 


1000 


.5 


.6 


.7 


Moderate 


1 


.5 


.6 


.65 


1 


.65 


.75 


.8 


1/D-42S 


10 


.6 


.7 


.75 


10 


.55 


.65 


.7 




100 


.65 


.75* 


.8 


100 


.5 


.6 


.65 




1000 


.7 


.8 


.8 


1000 


.45 


.55 


.6 


Strong 


1 


.45 


.5 


.6 


1 


.6 


.65 


.7 


425-700 


10 


.55 


.6 


.65 


10 


.5 


.55 


.65 




100 


.6 


.65 


.7 


100 


.45 


.5 


.6 




1000 


.65 


.7 


.75 


1000 


.4 


.45 


.55 


Very strong 


1 


.4 


.45 


.5 


1 


.5 


.6 


.65 


>700 


10 


.45 


.55 


.6 


10 


.45 


.5 


.55 




100 


.5 


.6 


.65 


100 


.4 


.45 






1000 


.55 


.6 


.65 


1000 


.35 


.4 


.45 


Table A2.3 Pan coefficient Kp for Colorado Sunken Pan for different groundcover and levels of 






mean relative humidity and 24-hour wind (Doorenbos and Pruitt 1977). 








Sunken 


Case A: Pan placed in short green 




Case B: Pan placed in dry fallow area 




Colorado 


cropped area 






fallow area 




RH mean % 




low 


medium 


high 




low 


medium 


high 






<40 


40-70 


>70 




<40 


40-70 


>70 


Wind 


Windward side 








Windward side 








km/day 


distance of green 








distance of dry 










crop m 








fallow m 








Light 


1 


.75 


.75 


.8 


1 


1.1 


1.1 


1.1 


<',75 


10 


1.0 


1.0 


1.0 


10 


.85 


.85 


.85 




100 >1.1 


1.1 


1.1 


100 


.75 


.75 


.8 












1000 


.7 


.7 


.75 


Moderate 


1 


.65 


.7 


.7 


1 


.95 


.95 


.95 


175-425 


10 


.85 




.7 


10 


.75 


.75 


.75 




=» 100 


.95 


.95 


.95 


100 


.65 


.65 


.7 












1000 


.6 


.6 


.65 


Strong 


1 


.55 


.6 


.65 


1 


.8 


.8 


.8 


425-700 


10 


75 


.75 


.75 


10 


.65 


.65 


.65 




> 100 


.8 


.8 


.8 


100 


.55 


.6 


.65 












1000 


.5 


.55 


.6 


Very strong 


1 


.5 


.55 


.6 


1 


.7 


.75 


.75 


>700 


10 


.65 


.7 


.7 


10 


.55 


.6 


.65 




=• 100 


.7 


.75 


.75 


100 


.5 


.55 


.6 












1000 


.45 


.5 


.55 



^Appendix 

Construction of storage tanks (or irrigation purposes 



A lot of different types of reservoirs 
can be used for windpump irrigation systems. 
The most suitable type for specific circum- 
stances depends on the following factors: 

■ Availability of construction materials. 

■ Quantity and quality of labour available. 
■The level at which the reservoir should be 

constructed. 

■ The space available. 

■ The required durability. 

■ The required capacity of the reservoir. 

■ Traditions in construction. 

■ Financial possibilities. 

■ Cost price of labour and materials. 

Although it is difficult to generalize, 
Table A4.1 indicates the most frequently used 
types of reservoirs and their corresponding 
construction costs (Van der Bijl 1985, Karuna- 
ratne and Mueller 1982, Van Dijk 1986). 

Table A4.1 indicates that earth-lined 
tanks are generally cheaper in countries with 
lower labour costs. However, this reservoir re- 
quires more space and a suitable soil material. 

The construction should be at 
ground level and preferably lower to diminish 
the soil movement Earth-lined tanks require 
somewhat more maintenance than the other 
four types. 



The most suitable type depends en- 
tirely on the available materials and labour. 
Earth-lined tanks can have large percolation 
losses. If they are too large, an additional lining 
can be used. 

Cemented tanks are generally more 
expensive, but require less maintenance and 
their durability is also better: 30 to 1 00 years or 
even longer. If no bricks or stones are available, 
reservoirs built out of concrete blocks are a 
suitable alternative. The construction of ferro 
concrete tanks requires highly skilled labour. 

Besides the types mentioned in the 
table, there are some other locally developed 
construction methods, for example: 

■ Tanks made of loam clay with a bamboo 
reinforcement 

■ Ferro soil concrete tanks built with a mixture 
of soil and cement and reinforced with galva- 
nized iron wire. 

Construction costs are generally 
much lower, in the order of US$ 500 for a 
50 m 3 reservoir. Durability is generally less, 
however. 

Figures A4.1, A4.2 and A4.3 present some con- 
struction methods (Costa 1981, 1982, 1983). 

The construction of the outlet with a 
simple provision to regulate the water flow as 
well as the construction of the spillway and 
drainage channel are also very important 



Table A3. 7 Some different types of reservoirs with an indication of cost 



Type 



Cost indication* 

for a 50 m reservoir (in US$) 



Unlined earth 

Earth lined with bricks, bitumen, or PVC 
Cemented brick 
Cemented stone 
Cemented concrete blocks 
Ferro concrete 



700 
1.500 
1,500 
2,500 
2.000 
1,800 



* At the 1986 price level in Sri Lanka and Cape Verde Islands. 



1 



lining with bricks 




lining with bitumen 




ground levet 



sand layer 



3f 



Figure A3.1 Earth diked reservoir with lining of bricks and 
bitumen. 



Figure A3 J Cemented brick reservoir, type 1. 
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figure A33 Cemented brick reservoir, type 2. 



^Appendix 

Estimating the investment, maintenance, and repair tests of a windpump 
irrigation sg stem in Mozambique 

It is assumed that the materials are 
purchased in Mozambique in so far as possible. 
The data are from Van Mee! 1984 (US$ 1 = 50 
Meticais.1983) 



A. Investment costs 




(All amounts in Meticais) 


1. Windpump construction: 
(Rotor diameter = 2.74 metre) 


-Materials 

- Labour (5 persons, 2 weeks) 

- Transport of materials 


26,000 
15,000 
1.000 

42,000 -> 42,000 


2. Windpump installation: 


- Materials (pipes) 

- Labour (5 persons, 1 day) 
-Transport 


5,100 

I.DUU 

1,000 

7,600 -> 7,600 


a. storage tanK v/v mj. 


- Materials 

-Labour 

-Transport 


14,800 
3300 
2,000 

20,100 -> 20,100 


4. Irrigation channel 


-Materials 

-Labour 

-Transport 


3,550 
950 
1.000 

5,500 -> 5,500 






Sub-total: 75,200 




Overhead workshop (35%): 24,800 




TOTAL INVESTMENT COST: 1 00,000 



B. Maintenance and Repair costs for one windpump 



(alt amounts in Meticais) 



1. Windpump 



Repairs 



Maintenance: 



Storage tanlc 



Repairs: 



■ Inspection, minor repairs 

6 visits per year, 10 windpumps per day 

-Transport 1,000 

-Mechanic 200 

-Costpervisit 1,200 

-Cost for 6 visits 7,200 

-Cost per visHAvindpump 720 

■ 1 major repair per year 

eg. replacement of cup leather 

-Transport 1,000 

-Mechanic 200 

- Labourer 100 



- Painting, once a year 

-Transport 

- Painter (1 week) 

- Paint material 



Total 



- Minor repairs and maintenance 

Total Windpump 



Maintenance 



■ One repair a year, one day 

- Transport 
-Mason 

- Labourer 
-Bag of cement 



Total storage tank 



3,000 
p.m. 



1,000 
200 
100 
98 

1398 

p.m. 



720 



Total 1,800 -> 



1,000 
1.000 
1.000 



1,800 



-> 



3,000 
p.m. 



5520 



-> 



1398 
p.m. 
1398 



Sub-Total: 6,918 
Workshop overhead (35%): 2,075 
TOTAL MAINTENANCE AND REPAIR COSTS 9,000 



^Appendix 



*An example of the terms of tefetente for a pte-feasibility study on the use 
of tomiipamps (CWV 1985a) 



-General objective 

A Pre-Feasibility Study on wind energy must 
examine the scope for the use of this form of 
energy, with particular reference to water 
pumping The Study must present recommen- 
dations for further action to the Government 

- Meteorology 

Evaluation of the wind potential based on 
available wind-maps, visits to meteorological 
stations and the impressions of farmers. 
Particular points of attention: 

■ Wind availability (means, diurnal variation, 
seasonal pattern, extremes) 

■ Occurrence of whirlwinds 

■ Rainfall 

■ Evapotranspirab'on. 

■ Site visits to judge data reliability 
Recommendations for further action will be 
made if they are supported by the outcome of 
other aspects of the Study. 

- Water Resources 

Groundwater availability, quality, location, 
types of wells, costs of new wells; drainage 
water from irrigation projects (either for re-use 
orforevacun'on). 

- Present wind energy activities 
Inventory of the present activities (research, 
rehabilitation, production, use, repair, 
maintenance), plans for the future. 

- End-use analysis 

Investigation of the most probable wind- 
pumping applications, for example, irrigation 
for agriculture and horticulture, rural water 
supply.animal husbandry, poultry farmingand 
drainage. 

- Economics 

Indication of the major aspects at the national- 
economic level (for example, substitutes for 
fuel imports, self-reliance, regional develop- 



ment employment) and at farm-economic 
level (cost of imported, refurbished, and locally 
produced windpumps). 

-Local production 

Evaluation of the present rehabilitation pro- 
gramme. Prospects for the local production of 
one or more types of modern windpumps. 
Expected effects on maintenance and servicing 
in rural areas. 

- Institutional aspects 

Which institutions will be involved (for exam- 
ple, the extension services of the Ministry of 
Irrigation or Agriculture, local water supply 
companies), and the State institutional aspects 
worth indicating (imports of spares, etc). 

- Wind generation 

If the o'utcome of the meteorological analysis 
opens prospects for wind generation, the 
Study will make recommendations for further 
action. 

- Expected output of the Study 
(if wind generation is feasible) 

Policy recommendations regarding: 

■ priority geographic areas 

■ applications (water supply, irrigation, and 
electricity, for instance) 

■ estimates of the expected numbers of wind- 
pumps needed 

b further action on rehabilitation and/or intro- 
duction of modem windpump(s), adapted to 
specific local conditions 

■ wind data collection, processing and evalua- 
tion. 

■ economic aspects 

■ possible pilot-projects or specific feasibility 
studies 

■ Impact of rural electrification, future electrifi- 
cation plans 

- Duration of the study: one (1) month. 



Appendix 

Elements to 6e monitored during tke internal testing in the pilot phase 



At the start of a monitoring process, 
it is essential to decide which data are required 
at what interval and time they have to be 
collected, and howand with whataccuracy the 
collecting has to be done. 



ELEMENTS TO BE MONITORED 



-Wind 

Average hourly (full hours) or average 12 hour 
(6 am and 6 pm) wind speed in m/s at the same 
height as the centre of the rotor of the wind- 
pump(s). For hourly wind data recording an 
automatic (mechanical or electronic) 
anemometer (integrating type) is preferable; 
for12-hourrecordingsamechanical cup coun- 
ter type (totalising) anemometer can be used. 

- Water Output (discharge) 
Measure windpump output in m 3 at 12 hour 
intervals (6 am and 6 pm) using a flow meter 
(integrating type water meter). The meter 
should be checked every week; a spare meter 
and tools should be available at the site. 



The following list specifies most of 
the data elements which have to be collected 
during the internal testing phase of a pilot 
project 



- Breakdowns 

All windpump and measuring equipment 
breakdowns should be recorded in a log book, 
together with time (and cause) of oct urrence 
and time of repair. 

- Maintenance 

All maintenance activities have to be recorded 
in detail with the time and material used, in 
order to check the adequacy of the main- 
tenance budget 



- Pump Strokes 

Record pump strokes at 12 hour intervals (6am 
and 6 pm) with a mechanical stroke counter. 
(This information can be used to check the 
functioning of the windpump pump and 
the flow meter). By daily plotting of the values 
obtained for wind, output and strokes, one can 
see at a glance if something is wrong with the 
measuring equipment 



- Water Level 

The water level in the dug or tube wells, has to 
be checked once every few days using a 
measuring tape fitted with a sounding device 
(hand-held water level indicator). Also, initially, 
the water level should be checked during low 
winds and during strong winds to obtain some 
indication of dynamic drawdowns. 



® 



^Appendix 

Zimetatte of a wiuipump project in Sudan (CWD 1985 6) 



SCHEDULE OF ACTIVITIES 



ACTIVITY 



PROJECT MONTH 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



Signing of contract 



Specifications purchases 



Check on sites of farmers 



Purchase and transport anemometers 



Installation of anemometers 



Wind measurements 

Wind data processing 

Manufacture windpumps in Netherlands 



Transport windpumps to Port Sudan 
Custom clearance and transport to Soba 
Preparation of Soba site 
Preparation work with farmers 



i 

I i 
— - 



Erect windpump at Soba site 



Erect windpumps on farms 
Local try cut manufacture 



4- -4- 



Site selection for locally-made windpumps 



Erect locally-made windpumps 
Monitoring windpump * 
End use evaluation 
Identification 
Final report 



t t 



Figure 71 Time table of a windpump project in Sudan (CWD 7985 b) 



^Appendix 

Zetms of reference (Z0%) for a study oh "the potential of windpumps fot 
lifting water near Xai-Xai, WlozamOique" 



Note. In this case, the feasibility study has not 
been preceded by a pilot project phase. 



OBJECTIVES OF THE STUDY 



The study focuses primarily on the 
use of windpumps for irrigation; consequently, 
the selection of possible prototype wind- 
pumps will be based mainly on their potential 
for irrigation. 

Some attention, however, must be 
given to the suitability of the selected wind- 
pumps for other water lifting purposes in the 
areas under consideration, such as watering 
cattle, drainage, and domestic water supply. 

The study has to deal with the possi- 
bilities for the local production of windpumps 
near Xai-Xai. The areas to be considered in the 
study will be limited to those that can be 
serviced by a possible windpump unit near Xai- 
Xai without imposing problems as a result of 
this service The Limpopo and Incomati valleys 
in particular seem to have a certain potential 



CONTENTS OF THE STUDY 

The study has io cover the following aspects: 

- Wind energy resources 

Only limited processed data are pre- 
sently available on the wind regime in the areas 
considered. Wind data have to be collected 
from existing meteorological stations. 
These (additional) data have to be processed 
and analysed. Aspects to be included are: 

■ Daily and seasonal wind patterns. 

■ Occurrence of calms. 

■ Occurrence of storms and gusts. 

■ Reliability of data. 

If necessary, short-term measure- 
ments will be carried out to obtain cross- 
check/reference data. 



for windpump utilization. When comparing 
alternatives to water lifting other options must 
also be considered, including the importation 
of windpumps, motor pumps, and so on. 

The objectives of the study can be described as: 

■ an assessment of the potential for and impact 
of windpump utilization for irrigation in the 
areas under consideration. 

■ recommendations for further windpump 
irrigation activities. 

■ inventory of possibilities for and constraints 
on the use of windpumps for other water 
lifting purposes in the areas under conside- 
ration. 

■ recommendations for local production or 
import of windpumps. 



- Windpump irrigation: agricultural setting 
The present agricultural practices re- 
lating to irrigation with windpumps have to be 
studied, including such aspects as: 

■ Farm sizes and farm ownership. 

■ Cropping patterns. 

■ Water requirements and available water re- 
sources (rainfall, groundwater, surface water) 
and supply 

(capacities, heads, seasonal fluctuations, etc). 

■ Need for drainage of irrigated fields. 

■ Water quality. 

■ Soil types. 

■ Degree of commercialization for instance, 
marketing of products, credit/subsidy facili- 
ties, etc 



■ Input supply (seeds, fertilizer). 
Agricultural labour situation. 

■ Farm management capabilities, degree of 
mechanization. 

■ Former experiences with windpump irriga- 
tion. 

- Windpump irrigation: socio-economic 
aspects 

Based on the above, the study has to 
inventory possible end-use models for wind- 
pump irrigation. The situation with various 
types of farm ownership to be considered in- 
clude: 

■ Cooperatives. 

■ Private farms. 

■ Government estates. 

■ Family farms. 

- Agricultural models 

At the very least, the following alter- 
native agricultural models must be studied: 

■ Agriculture without irrigation. 

■ Irrigation with motorized pumps. 

■ Irrigation with windpumps. 

■ Irrigation with other lifting methods, such as 
chadoufor hand pumps. 

- Windpump size 

Based on the analysis of possible 
cropping patterns and the water and wind re- 
sources, the appropriate windpump size(s) has 
to be determined, also taking into account the 
need for water storage. Relevant cropping pat- 
terns in the region seem to comprise: 

■ Vegetables and beans. 

■ Maize and beans. 

■ Rice and maize. 

- Economics 

The above models will be compared 
on the basis of at least the following aspects: 



■ Attractiveness from afarm economic point of 
view. 

■ Attractiveness from a national economic 
point of view: employment and foreign cur- 
rency aspects. 

■ Social acceptability, for example, servicingas- 
pects, reliability of wind or fuel supply, flexibi- 
lity/ alternative uses of the lifting device). 

Sensitivity analysis must be applied 
to relevant aspects such as fuel prices, interest 
rates, etc 

- Windpumps for other water lifting purposes 

The above study may result in the 
selection of a type of windputTip with the po- 
tential for use for irrigation purposes. The study 
will also make a rough inventory of other 
possible water lifting end-uses for windpumps 
in the region, for example, for the domestic 
water supply, drainage and watering cattle. 

- The windpump selected 

The windpump selected has to be 
studied in the setting in which it will be used, 
this study will include aspects such as: 

■ Analysis of present activities that will be affec- 
ted by the introduction of the windpump. 

■ Water availability (well discharges, depth 
below ground level). 

■ Water quality. 

■ Required pump capacities. 

■ Need for storage. 

■ Cost comparison with alternative lifting 
options. 

■ Financial aspects, for instance, the payment 
for the windpump or the water in case of 
domestic water supply. 

■ Social acceptability of domestic water supply 
with windpumps, such as responsibilities, 
water management and distribution, reliabi- 
lity and servicing. 



® 



- Windpump production 

The feasibility of local production of wind- 
pumps has to be studied. Aspects to be includ- 
ed are: 

■ Assessment of the potential market for wind- 
pumps in the region. 

■ Availability of materials, equipment and 
workshop facilities. 

■ Availability of skilled and unskilled labour, 
and management capabilities. 

a Servicing. 

■ Attractiveness of local production of wind- 
pumps from a business economic point of 
view and from a national-economic point of 
view with regard to foreign currency and em- 
ployment (including sensitivity analyses). 

■ Availability of suppliers of credit and foreign 
currency for the supply materials and spare 
parts. 

- Institutional aspects 

Former and present windpump activities in 
Mozambique should be evaluated, including 
the institutions concerned. Furthermore, an 



ORGANIZATION OF THE STUDY 



The following experts are required for this 
study: 

■ an agricultural expert 

■ a wind energy expert 

The study will take approximately 
3.5 man-months: both experts will stay in 
Mozambique for about 5-6 weeks. 
A progress report must be submitted and dis- 
cussed before experts leave Mozambique. 

The draft final report may be com- 
pleted outside Mozambique, but must be 
submitted within 1.5 months after the experts 
have left 

The final report must be submitted 
within one month after the annotated draft of 
the final report has been returned. 



inventory of the institutional possibilities for 
windpump implementation in the areas under 
consideration should be made. Aspects includ- 
ed could be: 

■ Windpump production. 

■ Installation and servicing. 

■ Storage tank construction. 

■ Marketing and sale of windpumps. 

■ Site-selection/feasibility assessment 

■ Agricultural extension. 

■ Credit facilities/formalities/conditions. 

■ Personnel and logistics. 

- Conclusions and recommendations 
To be included are, among others: 

■ The feasibility of windpump irrigation in the 
area and the extent to which windpump irri- 
gation should be promoted in the area; 

■ The potential for local production of wind- 
pumps. 

■ The feasibility of the set-up of a project in the 
area; 

■ Selection of a prototype windpump to be 
used in possible project activities. 



